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SECTION  1 


EXECUTIVE  SUMMARY 


Soils  at  the  Rocky  Mountain  Arsenal  (RMA)  in  Colorado  have  been 
contaminated  with  organic  chemicals  of  environmental  concern, 
including  1 , 2-dibromo-3-chloropropane  (DBCP),  diisopropylmeth- 
ylphosphonate  (DIMP) ,  p-chlorophenylmethylsulfoxide  (PCPMSO), 
dieldrin,  and  isodr in.  The  United  States  Army  Toxic  and 
Hazardous  Materials  Agency  (USATHAMA)  is  investigating  the 
ability  of  indigenous  soil  microorganisms  to  biodegrade  these 
compounds  to  innocuous  end  products  under  RMA  environmental 
conditions . 

The  capability  of  microorganisms  indigenous  to  RMA  soils  to  de¬ 
grade  radiolabeled  test  compounds  was  evaluated.  Complete  de¬ 
gradation  (mineralization)  was  determined  by  the  production  of 
i^C02  from  ^'^C-labeled  test  compounds.  Biotransformation 
was  determined  by  the  production  of  ^^C-metabolites  from 
I'^C-labeled  test  compounds.  The  primary  parameters  investi¬ 
gated  in  the  present  study  included  enumeration  of  heterotro- 
phic  soil  microorganisms  and  the  extent  of  test  compound  min¬ 
eralization  in  RMA  soils.  Experiments  were  conducted  using 
both  contaminated  and  uncontaminated  RMA  soils  to  evaluate  the 
effects  of  soil  contamination  on  the  metabolic  capabilities  of 
soil  microorganisms.  Data  obtained  from  these  laboratory 
studies  were  used  to  predict  the  likelihood  of  in  situ  micro¬ 
bial  removal  of  the  contaminants  of  interest  from  RMA  soils. 

Six  samples  of  surface  soils  collected  from  the  vicinity  of 
soil  borings  at  RMA  were  evaluated  for  use  in  mineralization 
studies.  Two  of  these  soil  samples  (nos.  3204  and  3219)  ex¬ 
hibited  little  or  no  microbial  activity  and  were  not  used  to 
evaluate  test  compound  mineralization.  Uncontaminated  RMA 
soil,  as  well  as  soil  nos.  3215,  3224,  and  3256,  contained 
viable  populations  of  heterotrophic  microorganisms  as  deter¬ 
mined  by  plate  counts  and  mineralization  of  a  mixture  of  I'^C- 
glucose,  ^^C-acetate,  and  ^^C-amino  acids.  However,  all 
five  test  compounds  were  poorly  degraded  in  these  soils  during 
6-month  studies.  Low  but  statistically  significant  (compared 
to  sterilized  controls)  levels  of  ^^C02  were  produced  from 
l^C-dieldrin  and  l^C-isodrin  only.  Mineralization  of 
l^c-DIMP,  I^c-dbCP,  and  l^C-PCPMSO  was  not  statistically 
different  in  active  and  sterilized  RMA  soils  at  the  95-percent 
confidence  level. 

Previous  research  by  other  investigators  has  indicated  that  the 
five  test  compounds  are  resistant  to  aerobic  microbial  degrada¬ 
tion  and  are  environmentally  persistent.  Data  from  the  present 
study  support  these  findings.  Experiments  conducted  to  evaluate 


the  microbial  degradation  of  ^^C-isodrin  under 
ly  enhanced  conditions  were  unsuccessful. 
1^C02  was  produced  from  I'^C-isodrin  under 
posting  test  conditions. 


environmental- 
Little  or  no 
aerobic  com- 
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SECTION  2 

I NTRODUCT I  ON 


Mineralization  is  the  conversion  of  an  organic  chemical  to 
inorganic  end  products  such  as  CO2/  H2O,  N2,  and  SO4 . 
Biodegradation  and  biotransformation  are  less  precise  terms 
that  may  describe  either  mineralization  or  microbial  transfor¬ 
mation  to  another  organic  compound.  To  determine  the  minerali¬ 
zation  and  biotransformation  of  the  chemicals  of  interest,  ra¬ 
diolabeled  (^'^O  test  compounds  were  utilized  in  this  labora¬ 
tory  investigation.  The  use  of  radioisotopes  is  the  single  most 
sensitive  and  precise  method  of  evaluating  the  biodegradation 
of  organic  chemicals  in  environmental  media. 

The  17,000-acre  Rocky  Mountain  Arsenal  (RMA)  near  Denver, 
Colorado,  has  been  a  manufacturing  site  for  military  and  agri¬ 
cultural  chemicals  for  more  than  30  years.  As  a  result  of  these 
activities,  numerous  chemical  contaminants  have  been  detected 
in  RMA  soils  and  groundwater.  Sources  of  contamination  include 
leachate  from  unlined  chemical  storage  ponds  and  accidental 
spills.  Concern  over  the  fate  of  these  chemical  contaminants 
increased  during  the  1970 's  when  traces  of  DIMP  and  other  com¬ 
pounds  were  detected  in  groundwater  off  the  RMA  site. 

The  United  States  Department  of  Defense's  (DOD)  mission  for  de¬ 
veloping,  testing,  and  evaluating  decontamination  and  restora¬ 
tion  technologies  has  been  assigned  to  USATHAMA.  Environmental 
Science  and  Engineering  (ESE,  Denver,  Colorado)  and  Ebasco 
(Santa  Ana,  California)  were  operating  under  USATHAMA  contract 
to  conduct  a  comprehensive  remedial  investigation  for  RMA  on  a 
grid-by-grid  basis.  WESTON  was  under  USATHAMA  contract  to  study 
the  biodegradability  of  1 , 2-dibromo-3-chloropropane  (DBCP), 
diisopropylmethylphosphonate  (DIMP),  p-chlorophenylmethylsulf- 
oxide  (PCPMSO),  isodrin,  and  dieldrin  under  RMA-specific  condi¬ 
tions.  WESTON  was  charged  with  determining  whether  long-term 
exposure  of  soil  microorganisms  to  these  chemicals  has  led  to 
microbial  adaptation  to  these  contaminants  and  enhanced  the 
biological  removal  of  these  compounds  at  the  RMA  site. 

Shell  Chemical  Company  previously  manufactured  DBCP,  dieldrin, 
and  isodrin  within  its  currently  inactive  RMA  production  facil¬ 
ity.  DIMP  is  a  by-product  of  military  chemical  production,  and 
PCPMSO  is  a  by-product  of  previous  commercial  chemical  produc¬ 
tion.  Shell  and  the  U.S.  government  are  currently  involved  in 
litigation  regarding  the  disposition  of  these  and  other  envi¬ 
ronmental  contaminants  at  RMA. 

ESE  and  Ebasco  analytical  data  indicate  that  soil  contaminants 
exist  in  localized  pockets,  with  a  great  deal  of  vertical  and 
horizontal  variability.  These  data  dictated  that  biodegradation 
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experiments  on  each  compound  studied  by  WESTON  would  have 

to  be  investigated  in  discrete,  well-characterized  soil  sam¬ 
ples.  Contaminated  soils  used  in  biodegradation  studies  were 
documented  previously  as  containing  the  specific  contaminant  to 
be  tested.  Since  no  single  soil  contained  all  five  contami¬ 
nants,  background  parameters  among  experiments  were  not  con¬ 
sidered  to  be  equivalent. 

2.1  LITERATURE  REVIEW 

The  available  literature  indicates  that  the  five  compounds  of 
interest  are  relatively  resistant  to  microbial  degradation 
(Table  2-1).  The  long-term  persistence  of  the  compounds  in  RMA 
soils  supports  this  conclusion.  While  the  environmental  fate 
of  DBCP  and  dieldrin  has  been  studied  fairly  extensively  in 
various  environments,  little  experimental  data  exist  concerning 
the  fate  of  PCPMSO,  DIMP,  and  isodrin  outside  of  the  RMA  geo¬ 
graphical  area. 

2.1.1  DBCP 

DBCP  is  an  industrial  nematocide  marketed  commercially  as 
Nemagon®  and  is  used  as  a  soil  fumigant.  Environmental  per¬ 
sistence  (resistance  to  microbial  attack)  is  a  critical  proper¬ 
ty  for  pesticides,  and  this  property  has  enhanced  the  agricul¬ 
tural  utility  of  DBCP.  Volatilization  is  perhaps  the  foremost 
mechanism  affecting  the  fate  of  DBCP  in  soils.  DBCP  was  found 
to  be  much  more  persistent  when  injected  into  soils  rather  than 
applied  to  soils  in  irrigation  water  (Hodges  and  Lear,  1974). 

Nelson  et  al .  (1981)  investigated  DBCP  contamination  of  ground- 
water  and  subsurface  soils  in  the  San  Joaquin  Valley  of  Cali¬ 
fornia  and  found  that: 

•  DBCP  was  detected  in  subsurface  soils  at  ppb  levels. 

•  Clays  and  silts  absorbed  more  DBCP  than  sands,  but 
downward  vertical  migration  of  DBCP  was  observed  re¬ 
gardless  of  soil  type. 

•  DBCP  was  detectable  in  topsoil  at  one  site  6  years 
after  a  single  application. 

DBCP  reached  the  groundwater  below  peach  orchards  in  South 
Carolina  after  fumigation  for  nematode  control  (Carter  et  al .  , 
1984) . 

At  a  concentration  of  1  percent  in  soil,  DBCP  had  the  following 
effects  on  the  activity  and  population  level  of  a  soil  micro¬ 
bial  community  (Berkowitz  et  al.,  1978): 

•  Reduced  the  microbial  population  and  eliminated  the 
release  of  CO2,  suggesting  that  DBCP  inhibited  the 
respiration  of,  but  did  not  eliminate,  the  microflora. 
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Properties  of  Oieldrin,  Isodrin,  DBCP,  DIMP,  and  PCPMSO 


Compound 

Water  Solubility 
(ppm) 

Vapor  Pressure 
(mm  Hg) 

Estimated  Half-Life 
(years ) 

Dieldr in^  ^  ^ 

£  1 

£  lO-'^ 

2.  5 

Isodr in( ^  ^ 

£  1 

£  10-“^ 

£  5 

DIMP(2) 

£  10^ 

10-'^£  VP  £  1 

>  2(3) 

DBCP(l) 

1  £  S  £10^ 

10-4  £  VP  £  1 

0.5-1 

PCPMSO( 

103  £  S  £  5x10^ 

10-4  £  VP  £  1 

1 

in 

o 

^^^After  Cogley  and  Foy,  1978. 
(^^After  Rosenblatt  et  al.,  1975. 
^^^After  Spangord  et  al . ,  1979. 
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•  Reduced  the  numbers  of  proteolytic  bacteria  by  53  per¬ 
cent,  cellulytic  bacteria  by  97  percent,  and  nitrifi- 
ers  by  100  percent. 

•  Reduced  nitrification  by  almost  50  percent. 

Dehalogenat ion  of  DBCP  has  been  observed  in  soil/water  cultures 
(Castro  and  Belser,  1968).  Halide  release  from  DBCP  occurred 
only  during  the  microbial  growth  phase.  The  presence  of  an  ad¬ 
ditional  organic  carbon  source  (glycerol)  was  also  required, 
suggesting  cometabolic  transformation  of  DBCP.  Biotin  and  thy- 
amine  were  also  added  to  the  test  soil.  A  maximiim  of  63-per¬ 
cent  transformation  was  observed  after  4  weeks  of  incubation  at 
pH  8.  The  authors  also  screened  approximately  100  soils  from 
southern  California  orchards  and  fields  for  the  ability  to  de- 
halogenate  DBCP.  Of  these,  approximately  75  percent  showed  some 
capability  to  bring  about  the  release  of  bromide.  However,  ef¬ 
forts  to  isolate  a  pure  culture  capable  of  DBCP  dehalogenation 
were  not  successful  (Castro  and  Belser,  1968). 

2.1.2  Dieldr in 

Dieldrin  is  part  of  the  group  of  cyclodiene  insecticides  that 
includes  isodr in,  aldrin,  and  endtin.  Though  no  longer  regis¬ 
tered  for  general  use,  dieldrin  was  used  extensively  in  the 
past  to  protect  corn  crops  against  insects  and  wood  products 
against  termites. 

Dieldrin  has  been  found  to  be  extremely  persistent  in  soils 
under  aerobic  and  anaerobic  conditions  (Castro  and  Yoshida, 
1971;  Spangord  et  al .  ,  1977)  and  was  not  biodegraded  in  stan¬ 
dard  screening  tests  or  in  river  waters  (Tabak,  1981;  Eichel- 
berger  and  Lichtenberg,  1981;  Sharom,  1980). 

Nash  and  Woolson  (1967)  conducted  a  field  study  to  determine 
the  persistence  of  dieldrin  in  Congaree  sandy  loam  soil.  The 
soils  received  dieldrin  applications  equivalent  to  0  to  448 
kilograms  of  insecticide  per  hectare  at  the  start  of  the  study. 
Treatment  and  maintenance  of  the  field  plots  was  such  that  loss 
of  dieldrin  by  volatilization,  leaching,  photolysis,  and  me¬ 
chanical  removal  was  minimized.  High  dosage  rates  were  consid¬ 
ered  toxic  to  the  microflora.  After  15  years,  approximately  31 
percent  of  the  original  technical-grade  dieldrin  remained  in 
both  high  (100  ppm)  and  low  (25  ppm)  concentration  plots. 

Twelve  out  of  650  soil  microorganisms,  isolated  from  a  site 
contaminated  heavily  with  pesticides,  degraded  dieldrin  (Mat- 
sumura  and  Boush,  1967).  The  isolated  organisms  included  six 
species  of  Pseudomonas  and  two  Trichoderma  species.  Ketone, 
aldehyde,  and  alcohol  derivatives  of  dieldrin  were  produced  by 
one  of  the  most  active  microbes.  Other  studies  indicated  that  a 
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major  product  of  microbially  mediated  transformation  of  diel- 
drin  was  photodieldr in  (Vockel  and  Korte,  1974;  Matsumura  et 
al.,  1970).  It  has  been  reported  that  the  fungus  Tr ichoderma 
koninqii  converted  dieldrin  to  carbon  dioxide;  however,  only  3 
percent  of  the  dieldrin  initially  present  was  converted  to 
CO2  (Bixby  et  al . ,  1971). 

Dieldrin  and  photodieldr in  were  found  to  resist  microbial  de¬ 
gradation  in  several  other  studies.  Halvorsen  et  al .  (1979) 

reported  no  degradation  of  dieldrin  in  sewage  lagoon  sediment. 
Thirty-five  out  of  100  marine  phytoplankton  cultures  were  capa¬ 
ble  of  transforming  dieldrin  to  photodieldr in  (Matsumura  and 
Boush,  1972) .  Photodieldr in  has  been  reported  to  be  resistant 
to  degradation  by  algae  (Reddy  and  Khan,  1975) .  Meuller  and 
Korte  (1972)  reported  on  the  degradation  of  dieldrin  by  com¬ 
posting.  After  3  weeks,  97  percent  of  the  initial  dieldrin 
spike  was  recovered  as  parent  compound,  indicating  that  little 
microbial  transformation  had  occurred. 

2.1.3  PIMP 

DIMP  is  a  by-product  formed  during  the  synthesis  of  the  nerve 
agent  isopropylmethylphosphorof luoridate  (Sarin).  Few  studies 
exist  tha^"  directly  address  the  biodegradation  of  DIMP.  Span- 
gord  et  al.  (1979)  evaluated  the  rate  and  extent  of  microbial 
and  photochemical  transformation  of  DIMP  in  RMA  soil  and  water 
samples.  Biotransformation  of  DIMP  in  natural  waters  did  not 
occur  despite  attempts  to  acclimate  the  test  microorganisms. 
In  acclimated  soil,  I'^c-DIMP  was  converted  to  ^^C02  to 
the  extent  of  only  5  percent  after  17  weeks  of  incubation  at 
25'’C.  Transformation  was  essentially  nonexistent  at  lO^C.  A 
half-life  of  greater  than  2  years  was  predicted  for  ^^C-DIMP 
in  soil. 

Vertical  migration  of  DIMP  through  soil  has  been  observed  in 
soil  lysimeter  studies  using  soils  from  locations  other  than 
RMA  (O'Donovan  and  Woodward,  1977).  DIMP  was  applied  to  the 
soil  by  two  different  methods.  The  first  method  involved 
chronic  application  of  a  20-ppm  solution  of  DIMP  in  distilled 
water  to  the  top  of  soil  columns.  This  application  method  re¬ 
sulted  in  a  thin  layer  of  soil  at  the  top  of  the  column  that 
had  a  relatively  high  DIMP  concentration  (18  to  33  ppm).  DIMP 
was  detected  at  lower  concentrations  (3  to  9  ppm)  throughout 
the  remainder  of  the  soil  profile.  The  second  application 
method  consisted  of  spiking  the  upper  1  foot  of  the  soil  col¬ 
umns  with  20  ppm  of  DIMP  and  flowing  distilled  water  through 
the  columns.  This  method  resulted  in  a  slightly  broadened  band 
of  DIMP  leaching  through  the  soil  column.  Originally  present 
at  20  ppm  in  the  upper  1  foot  of  soil,  DIMP  was  not  detectable 
in  the  upper  2  feet  of  soil  in  several  experiments.  In  the 
other  experiments,  DIMP  was  also  not  detected  at  greater 
depths.  These  data  suggest  that  DIMP  is  relatively  mobile  in 
soil  (O'Donovan  and  Woodward,  1977).  The  reported  water  solu¬ 
bility  of  DIMP  supports  this  statement  (Table  2-1). 
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Existing  data  suggest  that  DIMP  is  semivolatile  in  soil 
(O' Donovan  and  Woodward,  1977;  Spangord  et  al.,  1979).  In  a 
series  of  volatilization  studies,  O'Donovan  and  Woodward  (1977) 
measured  the  evaporative  loss  of  radiolabeled  DIMP  from  soil 
columns  spiked  with  20  ppm  of  ^'^C-DIMP.  Volatilization  of 
DIMP  from  dry  soil  was  measured  in  columns  that  were  25  milli¬ 
meters  wide  and  100  centimeters  deep.  After  the  columns  were 
subjected  to  an  air  flow  of  100  milliliters  per  minute  passing 
across  their  surfaces  for  250  hours,  the  dry  and  moist  soils 
retained  greater  than  95  percent  and  approximately  78  percent 
of  the  radioactivity  originally  present,  respectively. 

The  presence  of  a  nonreactive  C-P  bond  contributes  to  the  envi¬ 
ronmental  persistence  of  DIMP  and  related  compounds  (Daughton 
et  al . ,  1979a;  Yerweij  et  al.,  1976).  While  organophosphorus 
pesticides  are  generally  considered  nonpersistent  because  of 
the  susceptibility  of  phosphoesters  to  hydrolysis  (Daughton  et 
al . ,  1979b),  compounds  that  contain  C-P  bonds  are  known  to  be 
resistant  to  hydrolysis,  photolysis,  thermal  degradation,  and 
microbial  degradation  (Yasu  and  Roy,  1985). 

There  is  no  evidence  for  biological  breakdown  of  C-P  bonds 
under  environmental  conditions  where  an  abundance  of  phosphate 
is  present  (Yerweij  et  al .  ,  1976).  Only  a  few  microorganisms 
have  been  cited  as  capable  of  utilizing  methyl  phosphonic  acid 
(MPA),  which  contains  the  C-P  bond.  Zeleznick  et  al.  (1963) 
determined  that  Escherichia  coli  Cookes  strain  was  able  to 
utilize  MPA  (6.1  g/L)  and  ethyl  phosphonic  acid  (EPA)  (6.8  g/L) 
when  these  compounds  were  present  as  the  sole  phosphorus 
source.  The  total  phosphorus  content  of  the  bacterial  pellets 
increased  approximately  ten-fold  after  24  hours  of  incubation 
with  MPA  as  the  sole  phosphorus  source  (Zeleznick  et  al.,  1963). 

Daughton  et  al .  (1979a,  1979b)  detected  the  cleavage  of  C-P 
bonds  during  the  catabolism  of  0-alkyl  alkylphosphonates  by 
Pseudomonas  testosteroni .  Under  aerobic  conditions  with 
0-alkyl  alkylphosphonates  as  the  sole  source  of  phosphorus 
(concentrations  of  0.008  to  0.10  millimoles),  P.  testosteroni 
cleaved  the  C-P  bonds  and  transformed  the  organophosphorus 
toxicants  to  innocuous  end  products.  P.  testosteroni  was 
capable  of  growth  with  ionic  MPA,  0-IMP,  EPA,  or  0-EPA  as  the 
sole  phosphorus  source.  Alkanes  were  produced  from  the  C-P 
bond  cleavage.  This  work  was  the  first  to  establish: 

•  Biodegradation  of  a  simple  alkylphosphonate . 

•  Complete  conversion  of  an  organophosphorus  toxicant  to 
innocuous  end  products . 

•  The  catabolic  pathway  for  alkylphosphonate. 
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Isodrin  is  a  member  of  the  cyclodiene  group  of  insecticides 
that  includes  aldrin,  dieldrin,  and  endrin  and  was  formerly 
marketed  under  the  trade  name  Telodrin®,  Isodrin  is  an  inter¬ 
mediate  in  the  synthesis  of  endrin  (isodrin  is  the  epoxide  of 
endrin)  and  is  an  isomer  of  aldrin.  Isodrin  is  made  by  the 
slow  reaction  of  cyclopentadiene  with  the  condensation  product 
of  vinyl  chloride  and  hexacholorocyclopentadiene  (Brooks,  1974). 

Because  isodrin  was  not  widely  used  as  an  insecticide,  data  on 
the  compound's  biodegradability  and  environmental  fate  are  lim¬ 
ited  and  are  usually  inferred  indirectly  from  studies  of  other 
cyclodienes.  No  data  from  laboratory  or  field  studies  con¬ 
cerning  the  microbial  degradation  of  isodrin  were  found  in  the 
open  literature.  However,  biodegradation  of  other  cyclodiene 
insecticides  has  been  well  documented.  Because  of  the  close 
structural  relationship  of  isodrin  to  aldrin  and  dieldrin,  a 
brief  summary  of  the  biodegradation  of  these  cyclodiene  com¬ 
pounds  is  presented  here. 

Biotransformation  of  aldrin  has  been  reported  in  numerous  stud¬ 
ies.  Aldrin  was  degraded  to  unidentified  end  products  by  Chlo- 
rella  purenoidose  (Eisner  et  al.,  1977).  Dieldrin  and  keto- 
aldrin  were  produced  from  the  degradation  of  aldrin  by  Penicil- 
ium  funiculosum  (Murado-Garcia,  1973).  Ninety-two  microbial 
cultures  were  isolated  from  soil  that  degraded  aldrin  to  diel¬ 
drin  and  other  unidentified  metabolities  (Tu  et  al .  ,  1968). 
Thirteen  out  of  20  dieldrin-degrading  organisms  also  transform¬ 
ed  aldrin,  with  the  major  transformation  product  being  6,7-di- 
hydroxyaldr in  (Patil  and  Matsumura,  1970).  The  epoxif icat ion 
of  aldrin  to  dieldrin  in  soil  is  reportedly  carried  out  more 
effectively  by  fungi  and  actinomycetes  than  bacteria  (Tu 
et  al . ,  1968) . 

Of  a  series  of  150  soil  cultures,  25  were  able  to  convert  en¬ 
drin  to  ketoendrin  (Matsumura  et  al.,  1971).  Twenty  dieldrin- 
degrading  cultures  also  transformed  endrin  to  ketoendrin  (Patil 
and  Matsumura,  1970). 

Extrapolation  of  complete  cyclodiene  transformation  in  the 
field  from  laboratory  data  is  tenuous  (Crowley  and  Lichten¬ 
stein,  1970).  Partial  degradation  of  cyclodienes  has  been  ob¬ 
served  under  some  field  conditions;  aldrin  disappeared  more 
rapidly  in  upland  soil  conditions  than  in  flooded  conditions 
(Castro  and  Yoshida,  1971).  The  increased  persistence  of  al¬ 
drin  in  flooded  soils  was  attributed  to  a  lack  of  molecular 
oxygen,  which  is  required  for  the  epoxidation  of  aldrin.  En¬ 
drin  was  also  persistent  in  flooded  soils,  with  the  exception 
of  Casiguian  soil  (Castro  and  Yoshida,  1971). 
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When  100  samples  of  estuarine  and  oceanic  surface  films,  marine 
plankton,  and  algae  were  incubated  with  cyclodienes,  35  out  of 
100  estuarine  cultures  were  able  to  degrade  aldrin,  dieldrin, 
and  endrin  to  trans-aldr indiol ,  photodieldr in,  and  ketoendrin 
(Matsumura  and  Boush,  1972).  Open-ocean  water  samples  proved 
to  be  less  active.  Ocean  sediments  were  ineffective  at  trans¬ 
forming  cyclodienes,  indicating  that  the  presence  of  algae  was 
necessary  to  effect  transformation. 

Extreme  functional  persistence  of  cyclodiene  insecticides,  in¬ 
cluding  isodrin,  has  been  observed  in  soils.  The  persistence 
of  these  compounds  in  soil  has  been  attributed  to  the  highly 
stable  ring  structure  and  the  toxicity  of  the  few  known  trans¬ 
formation  products.  Isodrin  has  an  estimated  half-life  in  soil 
of  4  to  8  years,  forming  degradation  products  that  include  en¬ 
drin  (TOXNET,  1987).  Nash  and  Harris  (1973)  reported  that  16 
percent  of  the  isodrin  and  39  percent  of  the  endrin  applied  to 
soils  during  a  long-term  persistence  study  remained  after  16 
years . 

Despite  the  low  water  solubility  and  relative  immobility  of  cy¬ 
clodiene  insecticides,  considerable  transport  of  cyclodienes 
eventually  occurs  under  field  conditions  because  of  the  great 
persistence  these  compounds  exhibit.  The  relative  mobilities 
of  chlorinated  hydrocarbons,  including  cyclodienes,  as  reported 
by  Nash  and  Woolson  (1968)  in  sandy  loam  soil  were:  lindane  > 
isodrin  >  heptachlor  >  endrin  >  toxaphene  >  dieldrin  >  aldrin  > 
dilan  >  chlordane. 

2,1.5  PCPMSO 

P-chlorophenylmethylsulf oxide  (PSPMSO)  is  produced  in  trace 
amounts  as  an  intermediate  in  the  production  of  the  herbicide 
Planavin®,  PCPMSO  is  formed  from  the  incomplete  tungstate- 
catalyzed  oxidation  of  the  corresponding  p-chlorophenylmethyl¬ 
sulf  ide  (PCPMS)  with  hydrogren  peroxide  (Sanderson  and  Swift, 
1972).  The  authors  postulated  that  another  possible  source  of 
PCPMSO  may  be  the  oxidation  by  hydroperoxides  and  biochemical 
pathways  in  soil  (Bateman  and  Hardgrove,  1954  a,  b;  Overberger 
and  Cummins,  1953  a,  b;  Kresze  et  al . ,  1965),  Guensi  et  al. 

(1979)  evaluated  the  degradation  of  PCPMSO  in  a  160-day  labor¬ 
atory  study.  Total  CO2  evolution  from  the  soil  was  used  as 
an  indicator  of  the  broad  effects  of  the  PCPMSO  on  soil  micro¬ 
bial  populations.  Concentrations  of  0.5  and  5.0  ppm  PCPMSO  had 
no  significant  effect  on  total  CO2  evolution.  A  PCPMSO 
concentration  of  50.0  ppm  lowered  CO2  evolution  by  8.2  per¬ 
cent.  The  evolution  and  recovery  of  ^^C02  was  used  to 
quantify  the  ring  cleavage  and  subsequent  oxidation  of 
PCPMSO.  After  160  days  of  incubation,  16.1,  10.7,  and  6.1 

percent  of  the  initial  ^^C-PCPMSO  was  recovered  as  ^^002 
from  test  flasks  that  contained  0.5,  5.0,  and  50.0  ppm  of 

PCPMSO,  respectively. 


2.2  OBJECTIVES 


The  primary  objective  of  this  laboratory  investigation  was  to 
determine  the  ability  of  microorganisms  indigenous  to  RMA  soil 
to  biodegrade  DBCP,  DIMP,  PCPMSO,  isodrin,  and  dieldrin  under 
RMA-specific  conditions.  Secondary  objectives  included  the 
following: 

•  Determine  whether  indigenous  RMA  microorganisms  have 

undergone  adaptation  to  the  soil  contaminants  such 
that  enhanced  in  situ  biotransformation  of  the  test 
compounds  is  occurring  in  contaminated  RMA  soils. 

•  Determine  the  rate  and  extent  of  biotransformation  of 

the  five  test  compounds  in  soil  under  RMA-specific 

conditions . 

•  Identify  and  quantify  the  organic  biotransformation 

products  produced  as  a  result  of  microbial  degradation 
of  the  test  compounds  and  determine  whether  these  com¬ 
pounds  have  been  identified  previously  as  contaminants 
of  unknown  origin  in  RMA  soils. 

•  Evaluate  the  effect  of  soil  contamination  on  microbial 
activity  in  RMA  soils. 
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SECTION  3 


METHODS  AND  MATERIALS 


3.1  SOIL  SAMPLE  COLLECTION  AND  STORAGE 

Surface  soil  samples  were  collected  from  RMA  by  ESE  and  Ebasco 
personnel.  Grab  samples  were  collected  in  the  vicinity  of  test 
boreholes  whose  chemical  contaminants  had  been  characterized 
previously.  Soil  samples  were  collected  using  USATHAMA  soil 
boring  methods  and  were  immediately  shipped  to  WESTON 's  Fate 
and  Effects  Laboratory  on  ice  in  insulated  coolers  using  chain- 
of-custody  procedures.  Upon  receipt,  samples  were  logged  in 
and  pertinent  information  was  recorded  in  a  dedicated  labora¬ 
tory  notebook.  Samples  collected  from  the  vicinity  of  borehole 
nos.  3224,  3219,  and  3256,  as  well  as  from  uncontaminated 
regions,  were  received  in  polybutyrate  coring  tubes,  homogen¬ 
ized  in  clean  stainless  steel  buckets,  and  stored  in  glass  jars 
in  a  solvent-free  refrigerator.  Samples  from  borehole  nos. 
3204  and  3215  were  received  and  stored  in  the  solvent-free  re¬ 
frigerator  in  sealable  5-gallon  plastic  buckets. 

3.2  SOIL  CHARACTERIZATION 

All  RMA  soil  samples  were  analyzed  for  pH,  soil  moisture  con¬ 
tent,  water  holding  capacity  (WHO),  total  organic  carbon  (TOC), 
total  kjeldahl  nitrogen  (TKN),  and  total  phosphate  (TP). 

3.2.1  Soil  pH 

Soil  pH  was  determined  by  placing  20  grams  of  soil  in  a  100-ml 
beaker  with  20  milliliters  of  deionized  water,  stirring  the 
suspension  every  10  minutes  for  30  minutes,  allowing  the  sus¬ 
pension  to  settle  for  1  hour,  and  measuring  the  pH  of  the  liq¬ 
uid  by  electrode. 

3.2.2  Soil  Moisture 

Soil  moisture  was  determined  by  weight  loss.  Approximately  20 
grams  of  soil  was  placed  in  a  tared  beaker,  and  the  soil  mass 
was  determined  and  recorded  immediately.  The  sample  was  then 
placed  in  a  104®C  oven  until  a  constant  weight  was  recorded. 
Soil  moisture  was  calculated  from  the  dry  and  wet  weights  of 
the  samples  using  Equation  3.2. 

Moisture  =  [(mass  moisture) /(mass  dry  soil)]  x  100 

content  (wt  %) 

Equation  3 . 2 
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3.2.3  Water  Holding  Capacity 


Water  holding  capacity  (WHO  was  measured  by  determining  the 
mass  of  water  retained  by  a  dried  soil  sample  of  known  mass 
contained  in  a  funnel  lined  with  filter  paper  and  was  calcula¬ 
ted  using  Equation  3.3. 


WHC(g/g) 


mass  wet 
ilter  paper 


mass  \  _{  mass  wet  \  _(  mass  \ 
wet  soil/  Vfilter  paper/  Vdry  soil/ 
(mass  dry  soil) 


3.2.4  Soil  Characterization 


Equation  3.3 


Methods  used  to  determine  the  TOC,  TKN,  and  TP  of  the  soils 
were  derived  from  U.S.  EPA  Test  Methods  for  Evaluating  Solid 
Waste  (U.S.  EPA  SW46) . 


3.2.5  Contaminant  Characterization 

RMA  soil  sample  nos.  3204,  3215,  3219,  3224,  and  3256  and  un¬ 

contaminated  RMA  soil  were  analyzed  for  DIMP,  isodrin,  diel- 
drin,  DBCP,  and  PCPMSO.  Methods  used  to  quantify  organic  con¬ 
taminants  and  radiolabeled  transformation  products  in  RMA  soils 
are  presented  in  Appendix  A  (Analytical  Methods) . 

3.3  ENUMERATION  OF  MICROORGANISMS 

3.3.1  Extraction  of  Microorganisms  from  Soil  Samples 

Microorganisms  were  extracted  from  soil  samples  to  provide  in¬ 
oculum  for  i'^C-MPN  enumerations  and  direct  plate  count  de¬ 
terminations.  A  10-g  soil  aliquot  was  placed  in  a  autoclaved 
dilution  bottle  with  90  milliliters  of  filter-sterilized  0 .  IM 
NH4H2PO4  and  five  drops  of  Tween  80  (polyoxyethelene  sor- 
bitan  monoleate)  .  The  mixture  was  agitated  for  20  minutes  on  a 
wrist  action  shaker  to  promote  the  release  of  soil-bound  micro¬ 
organisms.  Coarse  sand  and  soil  particles  were  allowed  to  set¬ 
tle  out  before  the  extract  was  removed  and  enumerated. 

3.3.2  “^^C  Most-Probable  Number  Enumeration 

The  population  densities  of  heterotrophic  bacteria  in  the  soil 
samples  from  borehole  nos.  3219,  3224,  and  3256  were  estimated 
by  the  MPN  enumeration  technique  of  Lehmicke  et  al .  (1979)  us¬ 
ing  a  mixture  of  ^^C-glucose,  14c_an\ino  acids,  and  '^^C- 
acetate  as  substrate. 


Serial  dilutions  of  soil  extract  were  incubated  with  the  radio- 
labeled  substrate  in  biovials  placed  in  scintillation  vials 
that  contained  CO2  trapping  solution.  The  trapping  solution 
was  analyzed  for  ^'^C02  in  a  Tracor  (model  6905)  liquid 
scintillation  counter  after  60  days  of  incubation  using  the 
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counting  procedure  described  in  Subsection  3.4.1.  The  most- 
probable  number  of  heterotrophic  bacteria  in  each  soil  extract 
was  estimated  using  standard  MPN  tables. 

3.3.3  Plate  Count  Enumeration 

Estimates  of  the  total  heterotrophic  bacterial  populations  in 
all  RMA  soils  were  made  by  plating  serial  dilutions  of  soil  ex¬ 
tract  on  nutrient  agar.  Plates  that  contained  between  30  and 
200  bacterial  colonies  were  used  to  calculate  the  number  of 
colony-forming  units  (CPU)  per  gram  of  soil. 

3.3.4  Soil  Metabolic  Potential 

The  metabolic  status  of  heterotrophic  bacterial  populations  in 
RMA  soils  was  determined  by  monitoring  the  mineralization  of  a 
mixture  of  i^C-glucose,  i^c-amino  acids,  and  i'^C-acetate 
in  soil  over  a  period  of  21  days.  The  experiments  were  con¬ 
ducted  in  nonvolatile  compound  test  flasks  using  the  methods 
described  in  Subsection  3.4.1. 

3.4  MINERALIZATION  EXPERIMENTS 

The  general  procedures  for  conducting  mineralization  rate  stud¬ 
ies  are  presented  in  the  following  subsection.  In  some  cases, 
the  chemical  and  physical  properties  of  the  five  test  compounds 
required  slight  modification  of  the  test  procedures.  The  modi¬ 
fications  employed  for  specific  compounds  are  explained  at  the 
end  of  this  subsection. 

3.4.1  Nonvolatile  Compounds 

The  mineralization  rate  of  nonvolatile  isodrin  and  the  metabol¬ 
ic  potential  of  all  RMA  soils  were  determined  using  125-ml 
Erlenmeyer  flasks  sealed  with  a  no.  6  two-hole  rubber  stopper. 
Six-inch  lengths  of  Tygon  tubing  (3/16-in.  interior  diameter, 
5/16-in.  exterior  diameter)  attached  to  two  pieces  of  glass 
tubing  (5-mm  interior  diameter)  were  fitted  into  the  stopper 
holes  and  served  as  inflow  and  exhaust  ports.  The  Tygon  tubing 
was  fitted  with  quick-disconnect  plugs  for  attachment  to  a 
gassing  manifold  and  exhaust  tube.  The  exhaust  tube  was 
connected  to  a  hypodermic  needle  that  was  placed  in  a 
scintillation  vial  filled  with  trapping  solution  during  sam¬ 
pling  (Figure  3-1). 

Flasks  were  sterilized  prior  to  use  by  autoclaving  them  for  20 
minutes  at  121°C  and  15  psi.  Approximately  800,000  dpm  of 
i^C-test  compound,  in  a  stock  solution  of  water  or  acetone, 
was  pipetted  into  the  bottom  of  the  flasks.  Filter-sterilized 
deionized  water  was  added  to  the  flasks,  if  necessary,  to  bring 
the  soil  up  to  60-percent  water  holding  capacity.  One-percent 
sodium  azide  solution  was  added  to  sterile  flasks  instead  of 


A-  125  ml  Erlenmeyer  flask 

B  -  #6  Two-hole  stopper 

C  -  2/16  I.O.,  5/16  O.D.  tygon  tubing 

D  -  Fixed  jaw  tubing  clamp 

E  -  5  mm  O.D.  glass  tubing 

F  -  Ty-rap  cable  tie 

G  •  Quick  disconnect  plug 

H  •  Exhaust  tube  with  syringe  needle 

I  •  Scintillation  vial 


FIGURE  3-1  NONVOLATILE  COMPOUND  TEST  FLASK 
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sterile  deionized  water.  Thirty  grams  of  test  soil  was  asepti- 
cally  transferred  to  each  test  flask,  and  the  flasks  were 
sealed  with  the  rubber  stoppers. 

Experiments  were  conducted  using  two  sets  of  triplicate  micro¬ 
cosms  of  active  contaminated  and  uncontaminated  soils  and  a 
single  sterile  control  microcosm  for  each  soil  type  (eight 
flasks  per  set).  One  set  of  flasks  was  sacrificed  at  time 
zero,  and  the  other  set  was  sacrificed  after  26  weeks  of  in¬ 
cubation  and  headspace  sampling. 

Sampling  was  accomplished  by  hooking  the  inflow  tubing  to  a 
specially  designed  gassing  manifold,  placing  the  hypodermic 
needle  on  the  end  of  the  exhaust  tube  into  a  scintillation  vial 
that  contained  10  milliliters  of  trapping  fluid,  and  purging 
the  gas  inside  the  flask  through  the  trapping  fluid  for  30  min¬ 
utes.  The  manifold  was  designed  to  produce  a  flow  of  33  ml/ 
minute  through  the  flasks.  Compressed  air  was  passed  through  a 
.series  of  scrubber  bottles  that  contained  10  N  NaOH  to  remove 
CO2  before  the  airstream  entered  the  test  flasks  (Figure 
3-2).  The  trapping  fluid  consisted  of  a  mixture  of  seven  parts 
methoxyethanol  to  one  part  monoethanol  amine  (v/v) .  After  sam¬ 
pling  was  completed,  each  scintillation  vial  received  10  milli¬ 
liters  of  PCS  scintillation  cocktail  and  was  refrigerated  in 
the  dark  for  at  least  24  hours  to  reduce  chemiluminescence. 

Radioactivity  in  the  sample  vials  was  quantified  by  counting 
the  scintillation  vials  for  2  minutes  in  a  Tracor  (model  6905) 
liquid  scintillation  counter.  Three  background  vials  that  con¬ 
tained  only  trapping  solution  and  scintillation  cocktail  (no 
^^C)  were  included  in  each  batch  of  samples.  The  scintilla¬ 
tion  counter  was  programmed  to  count  the  three  background  vials 
first,  average  the  activity,  and  subtract  this  value  from  sub¬ 
sequent  samples.  Counts  were  automatically  converted  from  cpm 
to  dpm  by  the  counter.  The  isodrin  mineralization  study  was 
conducted  using  these  procedures. 

3.4.1 .1  Mass  Balance  of  Isodrin 

Eight  isodrin  test  flasks  were  sacrificed  at  the  start  of  the 
experiment.  Three  flasks  each,  containing  uncontaminated  and 
contaminated  soil  with  one  sterile  control  for  each  soil  type, 
were  submitted  for  extraction  and  GC/MS-GFPC  immediately  after 
spiking  with  ^^C-isodrin.  These  time-zero  flasks  were  not 
purged  on  the  nonvolatile  sampling  apparatus.  After  solvent 
extraction,  0.5-gram  samples  from  each  test  flask  were  combus¬ 
ted  in  a  Lindberg  combustion  furnace,  and  the  resulting 
l'^C02  produced  was  trapped  in  50  milliliters  of  CO2  trap¬ 
ping  solution  (see  Subsection  3.4.1).  Ten  milliliters  of  the 
trapping  solution  were  added  to  10  milliliters  of  PCS  scintil¬ 
lation  cocktail  (National  Diagnostics)  in  a  liquid  scintilla¬ 
tion  vial,  and  the  radioactivity  of  each  scintillation  vial  was 
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FIGURE  3-2  NONVOLATILE  COMPOUND  GASSING  MANIFOLD  SYSTEM 
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quantified  by  LSC.  The  mass  balance  of  ^^Q-igodrin  in  time- 
zero  flasks  was  calculated  from  the  amounts  of  radioactivity 
detected  as  solvent-extractable  and  nonsolvent-extractable 
14c  in  each  test  flask. 

The  mass  balances  for  i^c-isodrin  in  the  eight  test  flasks 
that  were  sampled  for  i^C02  over  time  were  determined  as 
follows.  Radioactivity  extracted  during  periodic  headspace 
sampling  was  recorded,  and  spreadsheets  indicating  cumulative 
percent  ^^C02  evolved  were  maintained.  At  the  termination 
of  a  given  experiment,  test  flasks  were  acidified  with  10  mil¬ 
liliters  of  1  N  HCl,  attached  to  the  nonvolatile  sampling  ap¬ 
paratus,  and  purged  for  30  minutes  to  sample  the  entire  volume 
of  headspace.  The  radioactivity  levels  obtained  in  these  sam¬ 
plings  were  added  to  the  spreadsheets,  and  the  total  amount  of 
i'^C02  evolved  over  the  duration  of  the  experiment  was 
calculated.  Plots  of  percent  mineralization  versus  time  were 
generated  by  calculating  the  mean  percent  test  compound  min¬ 
eralization  and  95-percent  confidence  intervals  in  triplicate 
microcosms  and  plotting  these  values  against  time. 

Test  soils  were  subsequently  subjected  to  solvent  extraction, 
and  the  concentrated  extracts  were  analyzed  for  i^C-parent 
compound  and  ^^C-organic  biotransformation  products  by  gas 
chromatography/mass  spectrometry  gas-flow  proportional  counting 
(GC/MSGFPC) .  The  analytical  methods  used  are  presented  in  Ap¬ 
pendix  A.  Triplicate  samples  of  the  post-extraction  soil  from 
each  test  flask  were  combusted  in  a  Lindberg  combustion  fur¬ 
nace.  The  radioactivity  recovered  as  ^^C02  from  the  combus¬ 
tion  was  determined  by  liquid  scintillation  counting,  and  the 
total  amount  of  radioactivity  remaining  in  each  test  flask  af¬ 
ter  extraction  was  calculated.  This  value  was  incorporated  in¬ 
to  the  mass  balance  for  each  test  flask.  The  mass  balance  of 
i^C-test  compound  in  each  test  flask  was  calculated  by  sum¬ 
ming  the  radioactivity  detected  during  periodic  samplings,  the 
final  GrPC  analysis,  and  the  post-extraction  combustion.  Total 
percent  test  compound  recovery  was  calculated  by  dividing  the 
total  recovered  activity  by  the  activity  initially  added  to 
each  flask. 

3.4.2  Volatile  Compound  Mineralization  Studies 

The  extent  and  rate  of  volatile  compound  mineralization  were 
determined  using  250-ml  screw-cap  Erlenmeyer  flasks  as  test 
microcosms.  Screw  caps  were  lined  with  Teflon  septa.  Two  hy¬ 
podermic  needles  were  inserted  through  the  caps  and  cemented  in 
place  with  epoxy  cement  to  serve  as  sampling  ports  (Figure  3-3). 
Six  sets  of  eight  test  flasks  each  were  utilized  for  the  DIMP, 
DBCP,  and  PCPMSO  experiments.  Each  set  of  test  flasks  consist¬ 
ed  of  triplicate  flasks  that  contained  uncontaminated  and  con¬ 
taminated  soil,  with  one  sterile  control  per  soil  type.  One 
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Air  outflow 

—  Air  inflow 
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- Soil  (30g) 


Source  Mannucd  and  Banha.  1979 


FIGURE  3-3  VOLATILE  COMPOUND  TEST  FLASK 


set  of  the  test  flasks  was  sacrificed  at  weeks  0,  2,  5,  10,  18, 
and  26  of  the  study.  All  test  flasks  were  sampled  weekly  until 
the  specified  time  of  their  sacrifice. 

Flasks  were  sterilized  prior  to  use  by  autoclaving  them  for  20 
minutes  at  121“C  and  15  psi.  Thirty  grams  of  test  soil  was 
aseptically  transferred  to  each  test  flask,  and  filter-steril¬ 
ized  deionized  water  was  added  to  the  soil,  if  necessary,  to 
bring  the  soil  to  60-percent  water  holding  capacity.  Soil 
placed  in  flasks  designated  to  be  sterile  controls  was  auto¬ 
claved  at  121°C  for  20  minutes.  One-percent  sodium  azide  solu¬ 
tion  was  added  to  sterile  flasks  instead  of  sterile  deionized 
water.  After  sealing  the  flasks,  approximately  800,000  dpm  of 
^^C-test  compound,  in  a  stock  solution  of  acetone,  was  in¬ 
jected  into  the  flasks  through  one  of  the  sampling  ports  by  a 
100-ul  syringe.  Stock  solutions  of  ^^Q-test  compounds  were 
assayed  to  determine  the  exact  amount  of  activity  injected  into 
test  flasks.  Flasks  were  agitated  to  distribute  the  test  com¬ 
pound  more  uniformly  throughout  the  soil.  One  sampling  port  on 
each  flask  was  sealed  with  an  epoxy-filled  syringe  body,  and 
the  other  sampling  port  was  sealed  with  a  stainless  steel  sy¬ 
ringe  stopcock  (Becton-Dickinson,  model  3152)  to  facilitate 
headspace  sampling.  Experiments  were  conducted  using  tripli¬ 
cate  microcosms  of  active  contaminated  and  uncontaminated  soils 
and  a  single  sterile  control  microcosm  for  each  soil  type. 

Headspace  contained  within  the  test  flasks  was  sampled  periodi¬ 
cally  to  provide  oxygen  to  the  microcosms  and  to  quantify  min¬ 
eralization  and  volatilization  of  test  compound.  A  10-ml  gas- 
tight  syringe  (Hamilton)  with  a  stainless  steel  stopcock 
attached  to  the  end  was  sealed  to  the  stopcock  on  the  flask. 
The  two  stopcocks  were  opened,  and  3  milliliters  of  headspace 
was  withdrawn  from  each  microcosm  by  gas-tight  syringe  and 
injected  into  the  sampling  port  of  a  specially  designed  vola¬ 
tile  compound  sampling  apparatus  (Figure  3-4).  The  gas  sample 
was  drawn  through  a  series  of  six  scintillation  vial  traps  by 
negative  pressure.  The  second  and  third  vials  (from  the  sam¬ 
pling  port)  in  the  series  contained  15  milliliters  of  Betafluor 
liquid  scintillation  cocktail  (National  Diagnostics)  to  trap 
undegraded  parent  compound  and  organic  biotransformation  pro¬ 
ducts.  The  fifth  and  sixth  trapping  vials  contained  15  milli¬ 
liters  of  Oxasol  liwid  scintillation  cocktail  (National  Diag¬ 
nostics)  to  trap  l'^C02.  The  first  and  fourth  traps  con¬ 
tained  no  trapping  solution  and  served  only  to  catch  backflow 
from  the  trapping  vials. 

The  traps  were  bubbled  for  approximately  10  minutes  to  allow 
the  entire  volume  of  gas  sample  to  be  drawn  through  the  sam¬ 
pling  train.  The  trapping  vials  were  removed  from  the  sampling 
train,  capped,  refrigerated  in  the  dark  for  at  least  24  hours, 
and  counted  in  the  liquid  scintillation  counter  as  described  in 
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Figure  3-4.  Volatile  compound  sampling  apparatus. 
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Subsection  3.4.1.  Headspace  removed  from  each  vial  during  sam¬ 
pling  was  replaced  with  an  equal  volume  of  pure  oxygen  to  main¬ 
tain  oxygen  tension  and  ambient  pressure  in  the  microcosms. 
The  DIMP,  DBCP,  and  PCPMSO  mineralization  studies  were  con¬ 
ducted  using  these  procedures. 

Because  of  the  possibility  of  some  volatilization  of  dieldrin 
during  the  mineralization  study,  the  study  was  conducted  in 
volatile  compound  flasks  using  a  modified  sampling  procedure. 
Two  sets  of  eight  test  flasks  each  were  utilized  in  the  study, 
one  set  for  sacrifice  at  time  zero  and  one  set  for  sacrifice 
after  26  weeks  of  incubation  and  sampling.  Instead  of  sampling 
a  small  volume  of  headspace  by  gas-tight  syringes  as  was  done 
in  the  DIMP,  DBCP,  and  PCPMSO  studies,  each  dieldrin  test  flask 
was  attached  to  the  volatile  compound  sampling  apparatus  and 
purged  for  30  minutes.  Any  volatilized  organics  would  have 
been  retained  in  the  organic  trapping  fluid.  The  sampling 
traps  were  counted  in  the  same  manner  as  those  from  the  DIMP, 
DBCP,  and  PCPMSO  studies. 

3. 4. 2.1  Calculation  of  Volatile  Test  Compound  Mass  Balance 

Eight  test  flasks  were  sacrificed  at  the  start  of  the  DIMP, 
DBCP,  and  PCPMSO  mineralization  studies.  These  time-zero 
flasks  consisted  of  three  each  that  contained  uncontaminated 
and  contaminated  soil,  with  one  sterile  control  for  each  soil 
type.  Immediately  after  spiking  with  I'^C-test  compound,  the 
time-zero  flasks  were  hooked  up  to  the  volatile  compound  sam¬ 
pling  apparatus  and  purged  for  30  minutes  (see  Subsection 
3.4.2).  Ten  milliliters  of  1  N  HCl  were  added  to  each  flask, 
and  they  were  sampled  for  an  additional  30  minutes  using  new 
trapping  solutions. 

After  purging,  the  timw-zero  test  flasks  were  submitted  for  ex¬ 
traction  and  GC/MS-GFPC  analyses.  Post-extraction  soil  samples 
were  combusted  to  quantify  nonextract able  ^^C  activity. 

To  calculate  the  mass  balance  of  i^C  in  time-zero  test 
flasks,  the  total  quantities  of  detected  as  volatilized 
l^C-organics  (during  headspace  sampling),  '^^Q02,  solvent- 
extracted  organics,  and  combusted  ^^C02  were  summed  for 
each  flask. 

The  mass  balances  for  flasks  that  were  incubated  and  sampled 
for  26  weeks  were  conducted  as  follows.  Radioactivity  levels 
determined  during  each  periodic  sampling  were  recorded,  and 
spreadsheets  indicating  cumulative  percent  and  ^^C02 
evolved  were  maintained.  At  the  termination  of  a  given  experi¬ 
ment,  test  flasks  were  acidified  with  10  milliliters  of  1  N 
HCl,  hooked  to  the  volatile  sampling  apparatus,  and  purged  for 
30  minutes  to  sample  the  entire  volume  of  headspace.  The  radi¬ 
oactivity  obtained  in  these  samplings  was  recorded  on  the 
spreadsheets,  and  the  total  amount  of  ^^C02  evolved  over 
the  duration  of  the  experiment  was  calculated.  Test  soils  were 
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subsequently  subjected  to  solvent  extraction,  and  the  concen¬ 
trated  extracts  were  analyzed  for  ^^c-paj-ent  compound  and 
^'^C-organic  biotransformation  products  by  GC/MS-GFPC.  A  sam¬ 
ple  of  the  post-extraction  soil  from  each  test  flask  was  com¬ 
busted  in  a  Lindberg  combustion  furnace.  The  radioactivity  re¬ 
covered  as  ^^C02  from  the  combustion  was  determined  by 
liquid  scintillation  counting.  The  total  amount  of  radioactiv¬ 
ity  remaining  in  the  soil  after  extraction  was  calculated,  and 
this  value  was  incorporated  into  the  mass  balance  for  each  test 
flask.  The  mass  balance  of  ^^C-test  compound  in  each  test 
flask  was  calculated  by  summing  the  radioactivity  detected 
during  periodic  samplings,  the  final  GFPC  analysis,  and  the 
post-extraction  combustion.  For  determining  the  mass  balance, 
the  results  of  the  GC/MS-GFPC  analyses  were  corrected  for  ex¬ 
traction  efficiency  (see  Appendix  A).  Total  percent  test  com¬ 
pound  recovery  was  calculated  by  dividing  the  total  recovered 
activity  by  the  activity  initially  added  to  each  flask. 

3.5  ENHANCED  MINERALIZATION  STUDIES 

3.5.1  Mineralization  of  Isodr  in  Under  Composting  Conditions 

An  experiment  was  conducted  to  evaluate  the  mineralization  of 
^^C-isodrin  under  the  environmental  conditions  found  in  a 
compost  pile.  Previous  research  demonstrated  that  organic  com¬ 
pounds  normally  considered  to  be  resistant  to  microbial  degra¬ 
dation  may  be  degraded  in  the  environmental  conditions  found  in 
compost  piles  (Williams  et  al.,  1988). 

Compost  was  prepared  by  combining  170  grams  of  horse  manure/ 
straw  mixture,  90  grams  of  RMA  soil  no.  3224,  70  grams  of  horse 
feed  (Purina  Balanced  Blend  14),  and  60  grams  of  distilled  wa¬ 
ter  in  a  stainless  steel  paint  can.  The  compost  was  manually 
mixed  for  15  minutes  until  it  appeared  homogeneous.  The  com¬ 
post  was  stored  in  the  sealed  paint  can  at  4°C  until  the  ex¬ 
periment  was  started. 

Approximately  100  grams  of  compost  was  placed  into  each  of  two 
500-ml  glass  jars  with  band-style  screw  caps  and  butyl  rubber 
septa.  Two  holes  were  punched  through  the  septa,  and  inlet  and 
outlet  gas  ports  of  glass  tubing  were  installed  as  in  the  non¬ 
volatile  mineralization  test  flasks  (see  Figure  3-1).  Two  feet 
of  1/4-inch  (interior  diameter)  Tygon  tubing  was  attached  to 
the  inlet  ports  on  the  test  vessels.  The  other  end  of  the  tub¬ 
ing  was  attached  to  CO2  scrubbing  traps  that  contained  100 
milliliters  of  10  N  KOH. 

Two  feet  of  tygon  tubing  was  used  to  connect  the  outlet  ports 
on  the  test  vessels  to  a  series  of  gas  sampling  traps  as  used 
in  the  volatile  compound  mineralization  studies  (see  Figure 
3-4).  A  negative  pressure  air  pump  was  used  to  pull  C02-free 
air  through  the  test  vessels.  The  pump  was  automatically 
turned  on  for  30  minutes  at  a  time,  six  times  per  day,  by  an 


4756B 


3-12 


electronic  timer.  The  air  flow  rate  was  33  milliliters  per 
minute,  or  1  liter  per  30-minute  sampling  period.  Thus,  the 
gas  volume  of  the  test  flasks  (500  ml)  was  replaced  twelve 
times  per  day. 

The  first  and  fourth  gas  trapping  vials  in  the  series  were  left 
empty  to  trap  condensate  and  backflow  from  the  other  trapping 
vials.  The  second  and  third  vials  each  contained  10  millili¬ 
ters  of  acidified  Betafluor  LSC  cocktail  to  trap  volatilized 
organic  compounds  but  to  allow  CO2  to  pass  through.  Beta¬ 
fluor  was  acidified  with  25  milliliters  of  concentrated  HCl  per 
liter  of  Betafluor.  The  fifth  and  sixth  traps  each  contained 
10  milliliters  of  2  N  KOH  to  trap  ^^C02  produced  from 
^^C-isodrin  mineralization. 

The  compost-containing  test  vessels  were  placed  inside  an  incu¬ 
bator  that  was  maintained  at  54  +  2°C  during  the  test  period. 
This  temperature  is  representative  of  a  full-scale  thermophilic 
compost  pile  and  was  proven  effective  in  degrading  explosive 
compounds,  such  as  trinitrotoluene,  in  a  full-scale  composting 
study  (Williams  et  al.,  1988).  The  tubing  that  connected  the 
test  vessels  to  the  C02-scrubbing  and  gas  sampling  vessels 
was  run  out  a  hole  in  the  side  of  the  incubator,  and  these 
scrubbing  vessels  were  maintained  at  ambient  laboratory  temper¬ 
ature  ( 22  +  2°C) . 

The  experiment  was  initiated  by  injecting  200,000  dpm  (0.1  uCi) 
of  ^'^C-isodrin  into  each  of  the  two  test  vessels,  mixing  the 
compost,  and  re-sealing  the  caps.  The  headspace  in  each  flask 
was  automatically  sampled  as  described  previously,  and  the 
fluid  contained  in  the  sampling  vials  was  changed  and  analyzed 
for  activity  twice  per  week. 

The  acidified  Betafluor  gas  sampling  traps  were  removed  from 
the  sampling  train  and  replaced  with  fresh  traps  twice  weekly. 
The  used  traps  were  capped  with  LSC  vial  caps,  and  the  vials 
were  analyzed  for  activity  by  LSC.  The  vials  were  stored 
overnight  in  the  dark  at  4'’C  before  counting  to  minimize  photo¬ 
chemiluminescence.  Three  background  vials  that  contained  10 
milliliters  of  acidified  Betafluor  were  counted  with  each  batch 
of  samples,  and  the  average  activity  detected  in  these  back¬ 
ground  samples  was  automatically  subtracted  from  subsequent 
sample  vials. 

The  2  N  KOH  gas  sampling  traps  were  removed  from  the  sampling 
train  and  replaced  with  fresh  traps  twice  weekly.  Triplicate 
1-ml  samples  of  KOH  from  each  trap  were  transferred  to  LSC 
vials  that  contained  20  milliliters  of  Aquasol-2  LSC  cocktail. 
The  vials  were  stored  overnight  in  the  dark  at  4°C  before 
counting  to  minimize  photochemiluminescence.  Three  background 
vials  that  contained  20  milliliters  of  Aquasol-2  and  1  milli¬ 
liter  of  2  N  KOH  were  counted  with  each  batch  of  samples,  and 
the  average  activity  detected  in  these  background  samples  was 
automatically  subtracted  from  subsequent  sample  vials. 


4756B 


3-13 


Condensate  that  collected  in  the  first  gas  sampling  vial  was 
sampled  and  analyzed  for  activity  on  day  39  of  the  study. 

The  condensate  was  sampled  and  counted  in  the  same  manner  as 
the  KOH  gas  sampling  traps.  The  experiment  was  terminated 
after  39  days. 
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SECTION  4 


RESULTS 


4.1  CHEMICAL/PHYSICAL  SOIL  PROPERTIES 

The  results  of  WESTON' s  soil  analyses  indicated  that  the  RMA 
test  soils  had  variable  physical  and  chemical  properties  (Table 
4-1)  . 

4.2  BIOLOGICAL  SOIL  PROPERTIES 

The  ability  to  mineralize  a  mixture  of  i^C-glucose,  i^C- 
acetate,  and  i^C-aminio  acids  was  used  to  determine  the 
metabolic  capability  of  the  soils  received  from  RMA.  Uncon¬ 
taminated  RMA  soil,  as  well  as  soils  from  borehole  nos.  3215, 
3224,  and  3256,  exhibited  heterotrophic  microbial  activity  and 
were  used  in  mineralization  studies,  while  soils  from  borehole 
nos.  3204  and  3219  showed  no  metabolic  activity  and  were  not 
used  in  mineralization  studies  (Table  4-2,  Figures  4-1  through 
4-6).  Error  bars  indicating  ±  one  standard  deviation  are 
included  on  all  metabolic  potential  figures  (Figures  4-1 
through  -4-6).  For  data  points  where  error  bars  are  not  visi¬ 
ble,  the  95-percent  confidence  interval  was  too  small  to  repre¬ 
sent  graphically. 

4.3  CONTAMINANT  CONCENTRATIONS  IN  RMA  SOILS 

The  concentrations  of  DIMP,  isodrin,  dieldrin,  DBCP,  and  PCPMSO 
in  the  RMA  test  soils  as  determined  by  WESTON  are  presented  in 
Table  4-3.  The  contaminant  data  for  soils  as  provided  to  WESTON 
from  analyses  conducted  by  ESE  and  Ebasco  are  presented  in  Ap¬ 
pendix  B. 

4.4  MINERALIZATION  STUDIES 

Bar  charts  indicating  the  mass  balances  of  i^C-test  compounds 
are  presented  in  this  section.  Three  compartments  are  repre¬ 
sented  for  isodrin  (no  volatilized  ^^C-isodrin  was  (juanti- 
fied),  and  four  compartments  are  presented  for  dieldrin,  DIMP, 
DBCP,  and  PCPMSO.  The  compartments  are:  1)  ^^C02  —  per¬ 
cent  of  the  l^C-spike  that  mineralized  during  the  study,  2) 
l^C-organics  —  percent  of  the  ^^C-spike  that  was  detected 
as  volatilized  organic  compounds  during  the  study,  3)  extracted 
—  percent  of  the  ^^C-spike  that  was  extracted  from  soil  and 
detected  as  parent  compound  after  termination  of  the  test 
flask(s),  4)  nonextractable  —  percent  of  the  i^C-spike  that 
was  detected  as  ^^C02  by  combusting  post-extraction  soils. 
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Table  4-1 


Chemical  and  Physical  Properties  of  RMA  Soils 


Parameter 

Soil  No. 

3224 

Soil  No. 

3256 

Soil  No. 

3215 

Soil  No. 

3204 

Soil  No. 
3219 

Uncontami¬ 
nated  Soil 

Soil  pH 

8.1 

9.4 

8.2 

11.2 

6.5 

7,8 

u 

O 

H 

0.63 

0.22 

0.21 

1.81 

4.03 

0 . 12 

Soil  moisture  {%) 

29.1 

14.2 

10.0 

42.7 

21.6 

10.9 

Water  holding 
capacity  (g/g) 

0.52 

0.44 

0.19 

0.96 

1.29 

0,51 

Total  kjeldahl 
nitrogen  (mg/kg) 

374 

278 

47 

577 

726 

543 

Total  phosphorus 
(mg/ kg) 

770 

627 

380 

1,640 

2,560 

336 
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Biological  Properties  of  RMA  Soils 


Parameter 

Soil  No. 

3224 

Soil  No. 

3256 

Soil  No. 

3215 

Soil  No. 

3204 

Soil  No. 

3219 

Uncontami¬ 
nated  Soil 

Test  compound 
present  in 
soil 

isodr in 
dieldr in 

PCPMSO 

DIMP 

DBCP 

None 

Total  hetero- 
trophs  (CPU  per 
g  soil)^ 

1.6x10'^ 

2.1x103 

3.5x10^ 

0 

1.4x103 

2 .7x10^ 

Mean  21 -day 
metabolic 
potential  (%)^ 

26.3 

17.6 

28.4 

0.1 

0.1 

24.5 

l^C-MPN 

(CPU  per  g  soil) 

8.0x102 

<  102 

<102 

7.9x10^ 

^Nutrient  agar  plates. 

*^Percent  of  ^‘^C-glucose .  ^‘^C-ainino  acids,  ^“^C-acetate  mixture 

mineralized  to  ^*^002  compared  to  amount  originally  added  as  parent 
compounds  to  each  flask. 


Percent  C  evolved  CO  Percent  C  evolved  CO 


Figure  4-1 ,  Plot  of  percent^^  C  -glucose,  c -amino  acids, 
and^^C -acetate  mineralized  in  RMA  soil  #3204. 
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Figure  4-2.  Plot  of  percent^^C-glucose,’'’C-amino  acids, 
and  -acetate  mineralized  in  RMA  soil  #3215. 
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Percent  C  evolved  CO  Percent  C  evolved  CO 


Figure  4-3.  Plot  of  percent  C  -glucose,  C  -amino  acids, 
and  -acetate  mineralized  in  RMA  soil  #3219. 
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Error  bars  indicate  95%  confidence  interval. 
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Figure  4-4.  Plot  of  percent  C-glucose,  C-amino  acids, 
and  ^^c-acetate  mineralized  in  RMA  soil  #3224. 
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Percent’^  C evolved  as’'*  CO  Percent’^  C evolved  as’'*  CO 


Figure  4-5.  Plot  of  percent’^  C-glucose,’'*  C-amino  acids, 

and  ^'*0 -acetate  mineralized  in  RMA  soil  #3256. 


Figure  4-6.  Plot  of  percent’**  C-glucose,’^  C-amino  acids, 

and’^  C-acetate  mineralized  in  RMA  uncontaminated  soil. 
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Table  4-3 


Concentrations  of  DIMP,  Dieidrin,  Isodrin,  DBCP, 
and  PCPMSO  i n  RMA  Soils 


Contaminant 
(mg/ kg) 

Soil  No. 
3224 

Soil  No. 

3256 

Soil  No. 
3215 

Soil  No. 

3204 

Soil  No. 

3219 

Uncontami¬ 
nated  Soil 

DIMP 

0.24 

0.14 

<0.05 

<0.07 

0.22 

<0.05 

Dieidrin 

3.1 

ND 

ND 

41 

1.4 

ND 

Isodrin 

51.0 

ND 

ND 

7.5 

10.0 

ND 

DBCP 

<7.005 

<0.006 

<0.005 

<0.009 

<0.005 

<0.006 

PCPMSO 

<500 

<0.5 

<0.5 

<100 

<100 

<0.5 

ND  -  Not  detected. 
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4.4.1  Dieldr in 

After  182  days  of  incubation,  dieldrin  was  mineralized  to  the 
extent  of  4,6  and  3.4  percent  in  RMA  uncontaminated  and  no. 
3224  soils,  respectively  (see  Figures  4-7  and  4-9).  One  of  the 
soil  no.  3224  flasks  was  broken  126  days  into  the  test  period 
and  was  not  replaced  because  of  the  low  levels  of  mineraliza¬ 
tion  observed  in  the  flask  up  to  that  time.  Consequently,  9  5- 
percent  confidence  intervals  could  not  be  calculated  for  soil 
no.  3224  subsequent  to  day  126  of  the  study. 

A  comparison  of  the  95-percent  confidence  interval  ranges  indi¬ 
cated  that  after  112  days  of  incubation,  the  mean  percent  min¬ 
eralization  of  dieldrin  in  active  RMA  uncontaminated  soil  was 
significantly  greater  than  that  observed  in  sterile  RMA  uncon¬ 
taminated  soil  at  the  95-percent  confidence  level.  Comparisons 
of  the  confidence  intervals  of  1)  active  versus  sterile  soil 
no.  3224  and  2)  active  uncontaminated  versus  active  soil  no. 
3224  indicated  no  statistically  significant  difference  in  the 
extent  of  dieldrin  mineralization  between  these  soil  types. 

Mass  balances  of  i^c-dieldrin  in  time-zero  and  26-week  test 
flasks  indicated  that  the  majority  of  the  i^C-dieldrin  re¬ 
mained  as  undegraded  test  compound  in  all  test  flasks  (see  Fig¬ 
ures  4-8  -  and  4-10).  Total  recovery  of  ^^C  activity  ranged 
from  43  to  117  percent  in  time-zero  flasks  and  from  54  to  109 
percent  in  26-week  test  flasks. 

4.4.2  PIMP 

After  183  days  of  incubation,  DIMP  was  mineralized  to  the  ex¬ 
tent  of  6.4  and  6.0  percent  in  RMA  uncontaminated  and  no.  3256 
soils,  respectively  (see  Figures  4-11  and  4-13).  At  the 
95-percent  confidence  level,  no  statistically  significant 
difference  in  the  extent  of  DIMP  mineralization  was  observed 
between  any  soil  types  over  the  test  period. 

Mass  balances  of  ^^C-DIMP  in  time-zero  and  26-week  test 
flasks  indicated  that  the  majority  of  the  ^^C-DIMP  was  recov¬ 
ered  as  undegraded  parent  compound  in  all  test  flasks.  Total 
l^C-activity  recovery  ranged  from  45  to  92  percent  in  time- 
zero  flasks  and  from  18  to  155  percent  in  26-week  flasks  (see 
Figures  4-12  and  4-14). 

4.4.3  i sodr i n 

After  193  days  of  incubation,  i^C-isodrin  was  mineralized  to 
the  extent  of  1.5  and  0.4  percent  in  RMA  uncontaminated  and 
no.  3224  soils,  respectively  (see  Figures  4-15  and  4-17). 
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Figure  4-7.  C-dieldrin  evolved  as^‘’CO,in  RMA  uncontaminated  soil. 
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Figure  4-8.  Mass  balance  of  C-dieldrin  In  RMA  uncontaminated  soil. 
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Figure  4-9.  C-dieldrin  evolved  as’**  CO^in  RMA  3224  soil. 
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Figure  4-10.  Mass  balance  of  C*dieldrin  in  RMA  3224  soil. 
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Figure  4*1 1 .  C-DIMP  evolved  as^'*  CO  in  RMA  uncontaminated  soil. 
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Error  bars  indicate  95%  confidence  interval. 
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Figure  4-13.  ^'*C-DIMP  evolved  as^^COJn  RMA  3256  soil. 
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Figure  4-14.  Mass  balance  of  ^^C-DIMP  in  RMA  3256  soil. 
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Figure  4-15.  Olsodrin  evolved  as  CO  in  RMA  uncontaminated  soil. 
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Figure  4-1 6.  Mass  balance  of  c-lsodrin  in  RMA  uncontaminated  soil. 
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Figure  4-17.  CIsodrin  evolved  as  CO  in  RMA  3224  soii. 


After  day  90  of  the  study,  the  mean  percent  mineralization  of 
isodrin  in  active  RMA  uncontaminated  soil  was  significantly 

greater  than  that  observed  in  sterile  RMA  uncontaminated  soil 

at  the  95-percent  confidence  level.  After  day  160  of  the 
study,  the  mean  percent  mineralization  of  isodrin  in  active  RMA 
uncontaminated  soil  was  significantly  greater  than  that  ob¬ 
served  in  active  RMA  soil  no.  3224  at  the  95-percent  confidence 
level.  No  statistical  difference  in  the  extent  of  isodrin 

mineralization  was  observed  between  active  and  sterile  RMA  soil 
no.  3224. 

Mass  balances  of  ^^c-isodrin  indicated  that  the  majority  of 
the  test  compound  was  recovered  as  undegraded  parent  compound 
in  the  initial  and  final  test  flasks  (see  Figures  4-16  and 
4-18).  Total  recovery  of  activity  ranged  from  40  to  137 

percent  in  time-zero  flasks  and  from  59  to  117  percent  in 

26-week  test  flasks.  No  transformation  products  were 

detected  in  the  26-week  test  flasks  by  GC/MS-GFPC. 

4. 4. 3.1  Degradation  of  Isodrin  Under  Composting  Conditions 

The  isodrin  composting  experiment  was  conducted  for  a  period  of 
39  days.  A  total  of  less  than  0.1  percent  of  the  ^^C-isodrin 
added  to  each  test  vessel  was  recovered  as  activity  in 

the  Betafluor,  KOH,  and  condensate  traps. 

4.4.4  DBCP 

After  182  days  of  ■’ iicubat ion,  ^'^C-DBCP  was  mineralized  to  the 
extent  of  0.2  axid  0.8  percent  in  RMA  uncontaminated  soil  and 
soil  no.  3224,  respectively  (see  Figures  4-19  and  4-21).  At 
the  95-percent  confidence  level,  no  statistical  difference  in 
the  mineralization  of  ^'^C-DBCP  was  observed  among  any  soil 
types  during  the  test  period. 

Mass  balances  of  I'^C-DBCP  indicated  that  the  majority  of  the 
test  compound  was  recovered  as  undegraded  parent  compound  in 
all  test  flasks  (see  Figures  4-20  and  4-22).  Total  recovery  of 
activity  ranged  from  22  to  105  percent  in  time-zero  test 
flasks  and  from  19  to  39  percent  in  26-week  test  flasks.  No 
^^C-transformation  products  were  detected  by  GC/MS-GFPC. 

4.4.5  PCPMSO 

After  189  days  of  incubation,  ^^C-PCPMSO  was  mineralized  to 
the  extent  of  0.5  and  0.6  percent  in  RMA  uncontaminated  soil 
and  soil  no.  3215,  respectively  (see  Figures  4-23  and  4-25). 
At  the  95-percent  confidence  level,  no  statistical  difference 
in  l^C-PCPMSO  mineralization  was  observed  in  any  soil  types 
during  the  test  period. 

Mass  balances  of  l^c-pspMso  indicated  that  a  majority  of  the 
test  compound  was  recovered  as  undegraded  parent  compound  in 
all  test  flasks  (see  Figures  4-24  and  4-26).  Total  recovery  of 
^^C  activity  ranged  from  95  to  126  percent  in  time-zero  test 
flasks  and  from  43  to  90  percent  in  26-week  test  flasks.  No 
^^C  transformation  products  were  detected  by  GC/MS-GFPC. 
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Figure  4-18.  Mass  balance  of  ^^C-lsodrln  In  RMA  3224  soil. 
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Figure  4-19.  C-DBCP  evolved  as^"  CO  In  RMA  uncontaminated  soil. 
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Figure  4-20.  Mass  balance  of  C-DBCP  In  RMA  uncontaminated  soil. 


s  indicate  95%  confidence  inten/al.  ^  Active 

-4-  Sterile 


4-24 


Figure  4-21.^'*C-DBCP  evolved  CO,  in  RMA  3215  soil. 
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Figure  4-22.  Mass  balance  of  C-DBCP  in  RMA  3215  soil. 


Error  bars  indicate  95%  confidence  interval. 
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Figure  4-23.  OPCPMSO  evolved  as’'*  CO,  in  RMA  uncontaminated  soil. 
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Figure  4-24.  Mass  balance  of  C-PCPMSO  in  RMA  uncontaminated  soil. 
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Figure  4-26.  Mass  balance  of  C-PCPMSO  in  RMA  soil  #321 5. 


SECTION  5 


DISCUSSION  AND  CONCLUSIONS 


5.1  SOIL  PROPERTIES 

RMA  soil  nos.  3204  and  3219  exhibited  little  or  no  microbial 
activity  (Table  4-2,  Figures  4-1  and  4-3).  Both  of  these  soils 
appeared  sandy  but  had  TOC  concentrations  that  were  substan¬ 
tially  higher  than  the  other  RMA  soils,  suggesting  the  pre¬ 
sence  of  high  concentrations  of  organic  contaminants  in  these 
soils.  Both  soil  nos.  3204  and  3219  contained  substantial  con¬ 
centrations  of  organics  and  metals  (see  Appendix  B) . 

Uncontaminated  RMA  soil  contained  a  higher  mean  population  of 
heterotrophic  bacteria  on  the  basis  of  plate  counts  than  any  of 
the  contaminated  RMA  soils  (see  Table  4-2).  This  suggests  that 
contaminants  present  in  RMA  soils  inhibit  microbial  populations. 

5.2  MINERALIZATION  STUDIES 

Data  obtained  in  the  present  study  suggest  that  inorganic 
and/or  organic  contaminants  in  RMA  soils  may  inhibit  in  situ 
microbial  metabolic  activity.  This  statement  is  supported  by 
several  facts.  Soil  nos.  3204  and  3219  contained  significantly 
higher  concentrations  of  TOC  than  the  other  RKA  soils,  possibly 
indicative  of  high  concentrations  of  organic  contaminants. 
Soil  nos.  3204  and  3219  exhibited  little  or  no  heterotrophic 
microbial  activity.  In  addition,  the  extent  of  dieldrin  and 
isodcin  mineralization  was  slightly  higher  (but  not  statisti¬ 
cally  different)  in  uncontaminated  versus  contaminated  soils. 
Adaptation  to  the  test  compounds  in  contaminated  RMA  soils,  if 
it  has  occurred  at  all,  appears  to  be  insignificant  and  without 
consequence  regarding  transformation  of  the  test  compounds. 

Beginning  at  125  days  into  the  dieldrin  test  period,  the  per¬ 
cent  mineralization  in  sterilized  RMA  soil  no.  3224  was  less 
than  the  95-percent  confidence  interval  of  the  three  triplicate 
flasks  that  contained  active  uncontaminated  soil  (Figure  4-7). 
This  also  was  the  case  for  the  isodrin  study  beginning  on  day 
87.  These  data  indicate  that  microbial  activity  was  responsi¬ 
ble  for  test  compound  mineralization  beyond  that  incurred  by 
chemical  processes. 

Previously  published  literature  indicates  that  at  least  some  of 
the  test  compounds  are  microbial ly  transformed  to  organic  in¬ 
termediates  (see  Subsection  2.1).  However,  no  i^c-transfor- 
mation  products  were  detected  by  GC/MS-GFPC  in  any  of  the  min¬ 
eralization  studies.  The  lower  limit  of  detection  for  the  GFPC 
was  approximately  10  percent  of  the  800,000  dpm  spikes.  Given 
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the  low  levels  of  ^'^€02  produced  in  the  mineralization 
studies  any  ^'^C-transformation  products  formed  in  the  test 
flasks  may  have  been  present  at  concentrations  lower  than  the 
detection  limit. 

The  low  recovery  of  activity  as  ^^C02  or  l^C-organ- 
ics  in  the  isodrin  composting  study  indicates  that  isodrin  was 
not  mineralized  or  volatilized.  Data  from  this  experiment  sug¬ 
gest  that  isodrin  is  environmentally  persistent  even  under 
thermophilic  composting  conditions. 

5.3  CONCLUSIONS 

Mineralization  data  obtained  in  the  present  study  indicate  that 
biotransformation  and  mineralization  played  minor  roles  in  the 
fate  of  the  radiolabeled  test  compounds  in  test  soils,  despite 
the  presence  of  metabolically  active  populations  of  heterotro- 
phic  microorganisms  in  uncontaminated  soil  and  soil  nos.  3224, 
3256,  and  3215.  These  data  confirm  earlier  findings  that  DIMP, 
dieldrin,  isodrin,  DBCP,  and  PCPMSO  are  environmentally  per¬ 
sistent  in  soil.  In  the  case  of  soil  nos.  3219  and  3204,  high 
concentrations  of  soil  contaminants  apparently  severely  inhibit 
microbial  activity. 

Given  the  favorable  microbial  growth  conditions  (optimal  soil 
moisture,  adequate  oxygen  tension,  and  22 °C  temperature)  and 
the  low  levels  of  mineralization  observed  in  test  flasks,  loss 
of  DIMP,  dieldrin,  isodrin,  DBCP,  and  PCPMSO  as  a  result  of  mi¬ 
crobial  metabolism  from  in  situ  RMA  soils  is  expected  to  be 
minimal . 
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ANALYTICAL  METHODS 
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SEMIVOLATILE  ORGANICS  IN  SOIL/ SEDIMENT  SAMPLES 
BY  CAS  CHROMATOGRAPHY /MASS  SPECTROMETRY  (CC/MS) 

APPLICATION 

This  mechod  is  applicable  Co  Che  semiquancicacive  decerninac ion  of 
Che  following  compounds  in  environmencal  soi l/sedimenc  samples  by 


GC/MS: 

Aldrin 

Acrazine 

Chlordane 

p-ChlorophenylmeChy I  sulfide 
(PCPMS) 

p->ChlorophenyloeChy I  sulfone 
(PCPMSO2) 

p-Chl'orophenyloechy I  sulfoxide 
(PCPMSO) 

Oibromochloropropanc  (DBC?) 

Oicyclopcncadiene  (OCPO) 

4,4'-D0E 

4, 4 '-DOT 

Oicldrin 

A.  TESTED  CONCENTRATION  RANGE 


Diisopropylmechylphosphonace 

(DIMP) 

1.4- Dichiane  (Dichiane) 
Dimechylmechy Iphosphonace 

(DMMP) 

Endrin 

Hexachlorocyc lopencadiene 
(HCCPD) 

Isodrin 

Malachion 

1 .4- Oxachiane  (OxaChiane) 
Parachion 

Supona 

Vapona 


The  Ccsced  concencraCion  ranges  of  Che  compounds  examined  in 
"scandard  soil"  are  as  follows; 
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Tesced 

Analyte  Concentration  Range  (ug/g)* 


Aldrin 

0.25 

to 

99.7 

Atrazinc 

0.25 

to 

99.7 

Chlordane 

0.25 

to 

99.7 

PCPKS 

0.25 

to 

99.7 

PCPMSO 

0.25 

to 

99.7 

PCPMSO2 

0.25 

to 

99.7 

DBCP 

0.25 

to 

99.7 

DCPD 

0.25 

to 

99.7 

4,4' -DDE 

0.25 

to 

99.7 

4,4'-D0T 

0.25 

to 

99.7 

Oieldrin 

0.25 

to 

99.7 

DMMP 

0.25 

to 

99.7 

DIMP  . 

0.25 

to 

99.7 

Oiehiane 

0.25 

to 

99.7 

Endrin 

0.25 

to 

99.7 

HCCPO 

0.25 

to 

99.7 

Isodrin 

0.25 

to 

99.7 

Malathion 

0.25 

to 

99.7 

Oxathianc 

0.25 

to 

99.7 

Parathion 

0.25 

CO 

99.7 

Supona 

0.25 

CO 

99.7 

Vapona 

0.25 

to 

99.7 

2-Chlorophenol-D4 

0.25 

to 

99.7 

1 , 3-D ichlorobenzeoe-D4 

0.25 

to 

99.7 

Oiethy lphthalace-D4 

0.25 

to 

99.7 

Di-n-Octy lphthalate-D4 

0.25 

to 

99.7 

B.  SENSITIVITY 

The  extracted  ion  current  area  count  responses  at  the  "standard 
soiT'  detection  linits  (Sec.  l.C)  are: 
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Analyte 

RRT* 

Area  Counts 

Quantitat 

Aldria 

1.107 

3,650 

263 

Acrazine 

0.983 

9,220 

200 

Chlordane 

1.180 

1,499 

373 

PCPMS 

0.660 

18,670 

158 

PCPMSO2 

0.828 

12,600 

159 

PCPMSO 

0.857 

4,390 

175 

DBG? 

0.500 

12,700 

157 

DCPD 

0.445 

5,340 

132 

4,4'-D0E 

1.209 

2,170 

246 

4,4’-DDT 

1.287 

2,000 

235 

Oieldrin 

1.212 

4,900 

79 

DIMP 

0.488 

40 , 000 

123 

Dichiane 

0.481 

26,900 

120 

DMMP  • 

0.283 

300 , 000 

94 

Eadrin 

1.230 

2,970 

263 

HCCPD 

0.711 

12,200 

237 

Isodrin 

1. 138 

1,800 

193 

Malachion 

1.103 

3,900 

173 

Oxachiane 

0.284 

17,900 

104 

Parachioa 

1.115 

7,300 

137 

Supona 

1.156 

5,670 

267 

Vapona 

0.650 

44,250 

109 

2-Chloro- 

phenol~D4 

0.405 

16,300 

132 

1 , 3-Oichloro 
-benzene-D4 

0.420 

29 , 400 

150 

Diethyl 

-phchalace-D4 

0.886 

18,200 

153 

Oi-n-octy  1 
-phthalate-D4 

1.439 

13,700 

153 

*RRT  •  Relative  retention  time  (relative  to  phenanthrene-DlO  which  had  a 
retention  time  of  19.54  minutes). 
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C.  DETECTION  LIMITS  AND  CERTIFIED  RANGES 

The  deceecion  Limics  in  "standard  soil",  calculated  according 
the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency  (USATHAMA) 
detection  limit  program  with  90-percsnc  confidence  limics 
(USATHAMA,  1982),  are: 


Analvce  Deceecion  Limic  (ux/g) 

Upper  Certified 
Range  (ug/g) 

Aldrin 

0.9 

99.7 

Acrazinc 

0.7 

99.7 

Chlordane 

1 

100 

PCPMS 

0.3 

49.9 

PCPMS02 

0.4 

49.9 

PCPMSO 

0.3 

99.  7 

Die? 

0.3 

49.9 

DCPO 

0.3 

25.0 

4,4'-D0E 

0.3- 

99.7 

4, 4’ -DDT 

0.4 

99.7 

Dieldrin 

0.3 

99.7 

DIM? 

0.5 

9.97 

Dichianc 

0.3 

99.7 

DMMP 

2 

9.97 

End r in 

0.7 

49.9 

HCCPD 

1 

49.9 

Isodrin 

0.3 

99.7 

Malathion 

0.6 

2.5 

Oxachiane 

0.3 

99.7 

Parachion 

0.7 

99.  7 

Supona 

0.5 

9.97 

Vapona 

0.3 

25.0 

2-Chlorophenol-D4 

0.3 

25.0 

1 , 3-Oich lorobenzene-D4 

0.3 

99.7 

Diechy lphchalace-D4 

0.3 

49.9 

Di-n-occylphchaIace-D4 

0.6 

99.7 

CO 
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0.  INTERFERENCES 

Solvencs,  .recgencs,  glassware,  and  ocher  sample  processing 
hardware  may  yield  discrete  artifacts  and/or  elevated  baselines 
causing  aisincerprecacion  of  chromatograms.  All  of  these 
materials  must  be  demonstrated  to  be  free  from  interferences 
under  the  conditions  of  the  analysis  by  running  method  blanks. 
Specific  selection  of  reagents  and  purification  of  solvents  by 
distillation  in  all-glass  systems  may  be  required.  No 
interferences  were  encountered  in  the  "standard  soil"  analysis. 

E.  ANALYSIS  RATE 

After  extraction  and  instrument  calibration,  one  analyst  can 
analyze  five  samples  in  an  8-hour  day. 

2.  CHEMISTRY 

A.  CHEMICAL  ABSTRACT  SERVICE  (CAS)  REGISTRY  NUMBERS 


Anal;^ce 

CAS  Registry  Number 

Aldrin 

309-00-2 

Atrasine 

1912-24-9 

Chlordane 

57-74-9 

PCPMS 

123-09-1 

PCPMSO2 

934-73-6 

PCPMSO 

98-57-7 

DBCP 

96-12-8 

oc?o 

77-73-6 

4, 4’ -DOE 

75-55-9 

4,4'-DDT 

50-29-3 

Dieldrin 

60-57-1 

DIM? 

1445-75-6 

Dichiane 

505-29-3 

OMMP 

756-79-6 

Endrin 

72-20-8 

HCCPO 

77-47-4 
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Analyte 

CAS  Registry  Number 

Isodrin 

465-73-6 

Malathion 

121-75-5 

Oxa thiane 

15980-15-1 

Parathion 

56-38-2 

Supona 

2701-86-2 

Vapona 

62-73-7 

B.  CHEMICAL  REACTIONS 

A  neasured  weight  of  soil/sed imenc  is  extracted  with  methylene 
chloride  using  a  Soxhlec  extractor.  The  methylene  chloride 
extract  is  dried  and  concentrated.  Chromatographic  conditions 
are  described  which  permit  the  separation  and  measurement  of  the 
parameters  in  the  extract.  Qualitative  identification  is 
pcrfarmed  using  the  retention  time  and  the  relative  abundance  of 
characteristic  ions.  Semiquantitative  analysis  is  performed 
using  internal  standard  techniques  with  a  single  characteristic 
ion. 

3.  APPARATUS 

A.  INSTRUMENTATION 

1.  Hewlett-Packard  5985A  [gas  chromatograph/mass 
spectrometer/data  system  (GC/MS/DS)]  with  dual  electron 
impact/chemical  ionization  (EI/CI)  source  (or  equivalent). 

The  system  is  operated  in  the  El  node  and  tuned  according  to 
E?A  criteria  for  DFTPP  (see  Table  1). 

2.  Hewlett-Packard  Model  5710  (or  equivalent)  gas  chromatograph 
equipped  with  a  flame- ionization  detector  is  used  for  the  GC- 
Screens.  The  GC  is  coupled  to  a  strip-chart  recorder. 
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Tabic  I.  0FT?P  Masa-Incensicy  Spccificacions 


Mass 

Incensicy  Required 

51 

8~82  percent  of  mass  198 

68 

<2  percent  of  mass  69 

69 

11-91  percent  of  mass  198 

70 

<2  percent  of  mass  69 

127 

32-59  percent  of  mass  198 

198 

base  peak,  100  percent  abundance 

199 

4-9  percent  of  mass  198 

275 

11-30  percent  of  mass  198 

441 

44-110  percent  of  mass  443 

442 

30-86  percent  of  mass  198 

443 

* 

14-24  percent  of  mass  442 

Source:  EPA  Mechod  1625  Revisioa  B,  January  1985. 
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B.  GAS  CHROMATOGRAPH /MASS  SPECTROMETER  (GC/MS)  PARAMETERS, 

HARDWARE.  GLASSWARE,  AND  REAGENTS 

1.  GC/MS 

a.  CoLuan:  30  a  by  0.25  an  (id)  DBS  (25-ua  coacing)  fused 
silica  held  isocheraal  ac  45*C  for  4  min  and  then 
programmed  ac  10*C/ain  to  280*C. 

b.  Conditions:  Injector  port— 280*C;  transfer  line — 290*C; 
carrier  gas  (helium)  ac  about  30  ca/sec;  electron 
energy— 70  ev. 

2.  GC  Screen 

a.  Column:  10  m  by  0.53  nmi  (id)  5-percent  phenylmethyl 
silicone-fused  silica  column  held  isothermal  at  90*C  for 
4  min  and  temperature  programmed  ac  8*C/min  to  280 *C. 

Any  column  run  under  appropriate  conditions  which 
provides  the  GC  Screen  data  outlined  in  Sec.  5.H  may  be 
stibscicuced. 

b.  Conditions:  Injector  port— 250*C;  detector— 300*C; 
carrier  gas  (nitrogen)  at  about  4  mL/min. 

3.  Injection  Volume:  2.0  uL 

4.  Retention  Times  (GC/MS):  See  Sec.  3.B  above. 

C.  HARDWARE /GLASSWARE 

1.  Sample  containers,  as  appropriate. 

2.  Soxhlec  extractors  and  associated  equipment. 

3.  R-D  concentrators,  Snyder  columns  and  heated  water  bach. 

4.  Volumetric  flasks  and  pipettes  as  necessary. 

D.  CHEMICALS 

1.  Dichloromethane,  acetone  and  toluene:  Burdick  and  Jackson 
pesticide  quality  or  equivalent. 

2.  Analytical  reference  standards  of  each  analyte.  Malachion, 
Parachion,  Azodrin,  Supona,  Vapona,  and  Atrazine  are  from 
EPA  (Reference  Standards  Repository,  RTP-N.C.);  ail  others 
are  USAIHAMA  SARMS  or  interm  SARMS. 
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3.  Decaf luorocriphenylphosphine  (OFTPP). 

4.  l,3-Dichlorobenzene-D4,  diethy lphchalace-D4,  di-n-occyl- 
phchalace'~04 ,  and  2'*chIorophenol>D4  as  surrogates  from 
USATHAMA  as  SARMS. 

5.  Phenan chrene-ClO  as  an  internal  standard  (Cambridge  Isotope 

Labs ) . 

6.  Phenanthrene  as  GC  Screen  standard  (Aldrich  Chemical). 

7.  Anhydrous  sodium  sulfate  (dichloromethane  rinsed). 

4.  STANDARDS 

A.  INSTRUMENT  CALIBRATION  STANDARDS 

1.  Individual  stock  calibration  standards  of  the  target 
compounds  and  surrogates  were  prepared  by  weighing  approxi- 
outely  100  milligrams  (mg)  of  each  compound  separately  into 
a  10-mL  volumetric  flask  and  diluting  to  volume  with 
methylene  chloride.  These  stock  calibration  standards  had 
concentrations  of  approximately  10,000  mierograms  per 
milliliter  (pg/mL)  of  each  compound. 

2.  A  composite  stock  calibration  standard  A,  containing  each 
compound  at  a  concentration  of  150  pg/mL,  was  prepared  by 
taking  1.5  mL  of  each  stock  calibration  standard  and 
diluting  to  100  mL  with  methylene  chloride. 

3.  The  stock  calibration  internal  standard  was  made  by  weighing 
100  mg  of  phenanthrene-DlO  and  diluting  to  volume  with 
methylene  chloride  into  a  10-mL  volumetric  flask.  The  stock 
calibration  internal  standard  has  a  concentration  of 
10,000  Pg/mL. 

4.  Take  2  mL  of  the  stock  calibration  internal  standard  and 
dilute  it  to  volume  in  a  10-mL  volumetric  flask  to  yield  a 
2,000  Pg/mL  working  internal  standard  solution. 

5.  Prepare  the  dilute  composite  calibration  standards  B,  C,  D, 
E,  and  F  using  the  dilution  scheme  outlined  in  Table  2. 

Each  dilution  is  made  by  caking  appropriate  aliquots  of  a 
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Table  2.  Preparacion  of  Conpoaice  Calibracion  Scandards 


Compos  i  ce 
Calibracion 
Standard  Used 

Volume 

Used  (mL) 

Final 

Volume 

(mL) 

Compos  ice 
Calibracion 
Standard 
Prepared 

Prepared 

Standard 

Analyte 

Concentration 

(ug/mL) 

- 

— 

— 

A 

150 

A 

50 

100 

B 

75 

B 

50 

100 

C 

37.5 

B 

20 

100 

D 

15 

C 

20 

100 

E 

7.5 

E 

50 

100 

F 

3.75 

Sourea:  ESE,  1985. 
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calibracion  standard  and  diluting  to  final  volume  with 
methylene  chloriae. 

B.  INITIAL  INSTRUMENT  CALIBRATON 

1.  The  GC/MS  is  tuned  to  meet  E?A  criteria  for  DFTPP  as  given 
in  Table  1. 

2.  To  calibrate  the  instrument  and  establish  the  linear  range 
for  the  target  compounds  and  surrogates,  separate  l.O-mL 
aliquots  of  the  appropriate  composite  calibration  standards 
A,  C,  E,  and  F  are  spiked  with  25  microliters  (uL)  of  the 
working  internal  standard  solution,  mixed  well,  and  2  uL 
injected  and  analyzed.  A  blank  containing  1  mL  of  methylene 
chloride  solvent  spiked  with  25  uL  of  the  working  internal 
standard  solution  is  also  analyzed.  Standards  are  analyzed 
in  order  of  increasing  concentration.  A  minimum  of  three 
calibration  standards  and  one  blank  are  analyzed  to  bracket 
the  certified  range  for  each  analyte.  The  initial  calibra¬ 
tion  data  arc  utilized  to  establish  response  factors  and 
calibration  curves. 

C.  DAILY  CALIBRATION  STANDARD 

1.  The  GC/MS  is  tuned  to  meet  EPA  criteria  for  DFTPP  as  given 
in  Table  1. 

2.  A  one-point  calibration  standard  is  analyzed  daily  to 
calibrate  the  insCTument  and  establish  response  factors. 

3.  A  1-mL  aliquot  of  the  composite  calibracion  standard  is 
spiked  with  25  uL  '-f  Che  working  internal  standard  solution, 
well  mixed,  and  2  pL  injected  and  analyzed.  This  standard 
is  utilized  to  establish  daily  response  factors  for  each 
target  and  surrogate  compound.  If  the  daily  response 
factors  obtained  from  the  analysis  of  composite  calibracion 
standard  C  differ  (using  "ID"  as  defined  below)  from  the 
average  RFs  by  more  chan  25  percent  for  any  of  the 
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surrogaces,  Chen  a  new  standard  curve  and  new  sec  of  average 
response  factors  muse  be  made.  If  Che  daily  calibration  is 
within  the  acceptable  "ZD"  window,  then  analysis  of  the 
sample  extracts  can  proceed.  The  percent  difference  (ZD) 
calculation  is  ((daily  RF-average  RF)/average  RF]  x  100. 

D.  CERTIFICATION  CONTROL  SPIKES 

1.  An  uncontaminated  natural  soil  from  the  Rocky  Mountain 
Arsenal  area  was  used  as  the  "standard  soil."  The  soil  was 
mixed,  and  IS-gram  (g)  aliquots  were  placed  into  clean 
125-fflL  beakers. 

2.  Thirty  grams  of  sodium  sulfate  were  added  to  each  beaker. 

The  contents  was  mixed  and  then  quantitatively  transferred 
CO  separate  sample  reservoirs  of  Soxhlecs.  The 
certification  control  samples  were  then  spiked  as  described 
in  Table  3  and  allowed  to  equilibrate  for  I  hour.  After 
equilibration  the  certification  control  spikes  are  analyzed 
beginning  with  See.  5.F. 

(Note:  The  certification  control  spike  extracts  final 
volumes  were  1.0  mL  for  control  spike  samples  1 
through  7,  10  mL  for  control  spike  samples  8  and  9, 
and  SO  mL  for  control  spike  sample  10.  The  final 
volumes  noted  will  keep  the  analytes  and  surrogaces 
within  Che  3.75  ug/mL  to  150  ug/mL  GC/MS  working 
standard  concentration  range.  The  use  of  dilutions 
is  legitimate  in  view  of  the  GC-FTD  screen  which 
will  be  used  for  real  samples.  For  Che  purpose  of 
certification,  no  GC-FID  screens  need  be  employed.) 
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Table  3. 

Certification 

Control  Spike 

Solution 

Control 

Spike 

Sample 

Sumber 

Composite 

Calibration 

Standard 

Used 

Volume  of 
Composite 
Calibration 
Standard 
Used  (mL) 

Higrograms  of 
Each  Target 
Compound  Added 
to  the  Control 
Spike  Sample 

Concentration 
of  Each  Target 
Compound  in 

Che  Control 
Spike  Sample 
(ug/g)* 

1  (Blank) 

None 

None 

0 

0 

2 

F 

1.0 

3.75 

0.25 

3 

E 

1.0 

7.5 

0.50 

4 

0 

1.0 

15 

1.0 

5 

C 

l.O 

37.5 

2.5 

6 

B 

l.O 

75 

5.0 

7 

A 

l.O 

150 

10 

8 

A 

2.5 

375 

25 

9 

A 

5.0 

750 

50 

10 

A 

10. 0 

1,500 

100 

*B«s«d  upon  15  g  of  "standard  soil"  being  spiked. 
Source:  ESE,  1985. 
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PROCEDtJRE 

A.  Prepare  daily  composice  stock  surrogate  and  daily  composite 
working  surrogate  solutions  (to  be  used  in  the  analysis  of 
environmental  samples)  as  follows.  Place  l.S  mL  of  each  of  the 
four  surrogate  stock  calibration  standards  into  a  lOO-mL 
volumetric  flask  and  dilute  to  volume  with  methylene  chloride. 
This  daily  composite  working  surrogate  solution  contains  each  of 
the  four  surrogate  compounds  at  a  concentration  of  150  ug/mL. 

B.  Place  15  g  of  standard  soil  into  a  clean  125-mL  beaker.  This 
will  be  the  daily  method  blank. 

C.  Place  15  g  of  the  environmental  samples  into  separate  125-mL 
beakers . 

D.  Add  30  g  of  sodium  sulfate  to  each  beaker,  mix  well,  then 
quantitatively  transfer  the  contents  of  each  beaker  to  separate 
sample  reservoirs  of  Soxhlets. 

E.  Spike  each  sample  in  the  Soxhlets  with  l.O  mL  of  the  daily 
composite  working  surrogate  solution.  This  produces  a  spiking 
concentration  of  10  ug/g  for  each  surrogate  in  each  sample. 

Allow  the  spike  to  equilibrate  for  I  hour. 

F.  Add  300  mL  of  methylene  chloride  and  a  few  clean  boiling  chips 
to  the  solvent  reservoir  of  each  Soxhlet  and  allow  the  samples 
to  extract  for  a  minimum  of  8  hours. 

G.  The  extracts  are  concentrated  to  a  temporary  final  volume  of 
10  mL  using  a  K-0  setup. 
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H.  Screen  che  excreecs  by  GC/FIO  using  GC-FID  screening.  The 
GC-FID  eccencuacion  is  adjusted  so  chac  a  2-uL  injection  of  the 
IS-ug/nL  phenanthrene  standard  gives  about  50-percenc  £ull>scale 
deflection.  The  sample  extracts  from  Sec.  S.G  above  are 
analyzed  by  GC-FID  using  2*-fflL  injections  to  determine  whether 
the  extracts  will  require  either  concentration  or  dilution  such 
that  the  largest  GC-FID  peaics  will  not  exceed  che  highest 

(150  ug/mL)  GC/MS  analyte  standards.  For  example,  if  there  are 
no  GC-FIO  peaks  greater  chan  che  15-pg/mL  screen  standard,  the 
sample  extract  can  be  concentrated  to  1.0-mL  final  volume;  this 
will  allow  the  detection  limits  to  be  met  while  not  generating 
analyte  peaks  greater  than  the  highest  GC/MS  standards. 

I.  Perform  daily  GC/MS  calibration  as  described  in  Sec.  4.C. 

J.  After  determining  Che  final  extract  volume  from  the  GC-FIO 
screening  (See.  5.R),  remove  a  1.0>mL  extract  aliquot,  spike  it 
with  25  pL  of  the  working  internal  standard  solution,  mix  well, 
Chen  inject  a  2-uL  aliquot. 

K.  Calculate  che  conceetracioo  of  any  detected  target  of  surrogate 
compound  using  response  factors  as  described  in  Sec.  6. 

L.  Unknown  GC/MS  peaks  will  be  tentatively  identified  by  computer- 
assisted  comparison  to  che  EFA/NBS/NIH  mass  spectral  library  (or 
equivalent).  The  mass  speccroscopist  will  use  che  probability- 
based  matching  criteria  to  assign  probabilities  of  correct 
structural  assignment.  Hardcopy  mass  spectra  of  all  unknowns 
will  be  provided  with  the  report. 

The  largest  five  unknown  peaks  which  are  present  in  excess  of 
10  percent  of  che  area  of  che  m/e  188  peak  for  phenanthrene-DlO 
internal  standard  will  be  library  searched.  Unknowns  will  be 
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Reconstructed  Total  Ion  Current  Profile  of 
Cooposlte  Calibration  Standard  C  (37.5  micrograms  per  milliliter) 


Huabgr  on  Chrom^togr 


Off  1 

ucbiaiie  2 

-Chloropheiiol~D4  3 

i3-0ichlorobeazene''l>4  4 

:pd  5 

Lchizae  6 

UfP  7 

ICP  8 

iponz  9 

?MS  10 

:CPD  11 

CPMSO2  12 

:pmso  13 

Leebylpbchalace-I>4  14 

:r«zixic  15 

ilacbioa  16 

Ldrib  17 

iracbioa  18 

lodrin  19 

ipoaa  20 

.4'-DDE  21 

Leldrin  22 

idria  23 

,4 '-DOT  24 

L-n-octylpbtbal4te-D4  25 

lenaacbrene-^DlO  26 

ilordane  27 


APPENDIX  B 


ESE/EBASCO  ANALYTICAL  DATA 


Tabic  16-1-4.  Concent  tat  iona  of  Target  Analylea  Above  Detection  Lieiita  in  Site  16-1  Soil  Saaiplca  (Continued,  Page  1  of  10) 
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